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TEACHING WITH A 


FECKER 


15” CASSEGRAIN 





e This telescope, with its 
accessories, provides just 
about everything that can be de- 
sired for use in a program of in- 
struction in astronomy. 

The aperture is optimum for 
visual lunar and planetary ob- 
servation in ordinary climatic 
conditions; and the Cassegrain 
form provides, in a relatively 
small tube length, the long effec- 
tive focal length necessary for a 
reasonable planetary image size. 

The moon can be viewed or 
photographed in great detail, 
The catadioptric guiding tele- 
scope also provides the long 
focal length required for photo- 
graphic exposures of more than 
a few seconds duration. For wide 
angle photography of comets 
and star fields the short focus 
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astrograph is available. 

With the spectroscope, prime 
differences in stars can be 
glimpsed, while a large number 
of investigations can be under- 
taken with a photograph ob- 
tained with the spectrograph 
added to the telescope. 

With the photometer in con- 
junction with the telescope many 
useful studies of stars of varying 
brightness can be undertaken. 

Surely a student who has ac- 
cess to such equipment would 
acquire the “feel” of how it is 
that the astronomer can learn 
such a wealth of facts from the 
thin threads of light that arrive 
on earth from the distant stars. 

The mounting and mechanical 


equipment make for QO 
and accurate observations. 


This versatile 15-inch Cassegrain telescope was designed 
and built by Fecker for Queens University in Kingston, 
Ontario, Canada. Requirements were for a telescope for 
student instruction, visual use and wide field photography. 
ACCESSORIES: 3-inch astrograph, photometer, spectrograph, 
spectroscope, 6-inch catadioptric guide scope for photo 
work, and lunar and planetary camera. FEATURES: Fork 
mounting, motor driven electric clamps, polar and right as- 
cension circles, sidereal drive and manual slow motions, 

For more information about this scope or other telescopes 
to meet your specific needs, write 


j-w. fecker 


division of AMERICAN OPTICAL CO. 
6592 HAMILTON AVENUE 
PITTSBURGH 6, PENNSYLVANIA 
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An Amateur’s Night Out 


OR his night out, the amateur star- 

gazer will need a good telescope, its 
size being limited by what he can afford 
to pay and by how heavy an instrument 
he can lug. He will probably settle for 
a 6-inch reflector or a 4-inch refractor. 
He will also need a site reasonably free 
from trees, buildings, and the lights of 
the city. 

The night must be dark, the air may 
be cold, and it is best for him to be 
alone. These are the conditions imposed 
upon him, yet they are not impositions. 
But how can he explain this to the 
nonstargazer? 

Must it be dark? Certainly. The darker 
the better. He does not want the silvered, 
romantic light of even the mellowest 
moon. Cold? Perhaps, for the winter 
stars and constellations are the most bril- 


liant. But he dresses for it — long under- 
wear and ski pants, heavy lined boots, 
and ear muffs. 

Why best to be alone? Actually, the 
solitary stargazer, out there with his 


scope and red flashlight and charts, is 
not alone at all he has only to look 
up at the sky, and he is in tremendous 
company. But, although he would love to 
share his findings and his night’s bag of 
game with another hunter, each one 
should have his own telescope. If one of 
them painstakingly gets the vague wisp 
of a Messier planetary nebula or globular 
cluster on the crosshairs of the finder, 
the second viewer could easily jiggle it 
out of the field. 

However, for any chance audience the 
is always delighted to 
— the moons of 


amateur observer 
line up his showpieces 
Jupiter, Saturn’s rings, the Great Nebula 
and Trapezium in Orion, or the Double 
Cluster in Perseus. He can always give 

little lecture at the grade-school level. 
But soon his audience departs, feeling 
fully informed on astronomy, or goes in- 
doors to get warm. 

He is left alone outside, to search after 
tiny M55 where low-swung Sagittarius 
merges into the vague reaches of Capri- 
or, in the winter night with the 
moon gone, he may at last find M74, the 
very faint wisp of light in Pisces. And if 
he doesn’t find it, on a less-than-perfect 
he can split the Gamma star in 
nearby Aries, and marvel to himself all 
over again that so meek and _ undistin- 
guished a speck can be separated into 
two shining, starry components. 

The amateur’s test of clear 
a questionable autumn or winter night 
can be Ml, the Crab nebula, just off 
the easy Zeta star of Taurus. If the Crab 
floats across the field, evanescent and lacy 
as a snowflake, then his chances of find- 
ing M74, or even M77 in Cetus, are good. 
He knows that the Crab is the remnant 


cornus; 


night, 


skies on 


(Continued on page 220) 
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Sometime during this two-hour exposure of circumpolar star trails, made by the 
late English astronomer W. J. S. Lockyer, a meteor of fluctuating brightness 
passed close to Polaris, marked by the short bright trail near the center. 


N NOVEMBER 13, 1866, the direc 
tor of Pulkovo Observatory in Rus 


sia, my grandfather Otto Struve, 


was seated with his family at supper. Sud 
denly one of the telescope attendants, a 
retired soldier, rushed into the room and 
exclaimed: 

“Your Excellency, the stars are falling 
from the sky, and we shall all be out of 
our jobs if this continues!” 

On that night the earth passed through 
the dense swarm of meteors known as the 
Leonids, which produced one of the 
most spectacular meteoric displays in his 
tory. Later, H. A. Newton found that 
this display had been recurring at in 
tervals of 33 or 34 years since at least 
as early as A.p. 902. The hourly number 
of Leonids in 1833 was stated to have 
been about 200,000. Between 1866 and 
1899, however, the compact swarm passed 
near Jupiter and Saturn, and its path 
around the sun was altered enough so no 
spectacular displays occurred in 1899 or 
1900. 

Since then, the earth has passed through 
the outermost fringes of a diffuse swarm, 
and only a few Leonids are seen each 
year about November 15th. The faint 
comet 1866 I, discovered by W. Tempel, 
was found to be moving in the same 


*Operated by the Associated Universities, Inc., 
under contract with the National Science Foundation. 
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orbit as the Leonids, but it has subse- 
quently disappeared 

First inspiration in astronomy has come 
to many amateurs and professionals from 


The Leonid’ meteors 
furnished a dramatic 
show on November 13, 
1833, pictured here in 
a contemporary print. 
The richest part of the 
shower was seen from 
the southern United 
States, whereas the 1866 
Leonid shower reached 
its peak during night- 
time hours for Europe- 
an observers. Earlier, a 
spectacular rain of Leo- 
nids was seen on No- 
vember 12, 1799, by 
Alexander von Hum- 
boldt in Peru. 








Visual 


Observations 
of Meteors 


OTTo STRUVE 
National Radio Astronomy 


Observatory* 


the casual observation of a bright meteor 
or fireball. A few, including myself, have 
become so fascinated with remarkable 
showers, such as the Perseids during the 
first two weeks of August, that they 
watch them year after year, recording 
their frequencies and plotting their paths 
on suitable charts. 

While it is true, as F. L. Whipple and 
G. S. Hawkins say, that to a very large 
extent “the study of meteors has passed 
from the hands of the amateurs into those 
of the professional astronomers, the bal- 
listicians, the electronics experts and other 
groups of scientists and technicians,” cer- 
tain carefully planned visual or photo- 
graphic observations of meteors can still 
add important information to this field 
of astronomy. 

Recently I obtained a Russian book 








by I. S. Astapovich, of the Ashkhabad Ob- 
servatory. Entitled Meteoric Phenomena 
in the Atmosphere of the Earth, it would 
serve Americans as an excellent introduc- 
tion to meteor observing if it were avail- 
able in English. Some of its contents will 
be summarized in this article, but our dis- 
cussion will also include other scientists’ 
results, especially those of Whipple and 
Hawkins in their article in Vol. 52 of the 
new Handbuch der Physik. 

Edmond Halley described one fireball 
that appeared in 1718 as so bright it ex- 
tinguished not only the stars but the full 
moon. The giant fireball of 1948 that 
produced the “rain of iron” in the Sikhote- 
\lin Mountains of eastern Siberia ap- 
peared on a clear day, producing moving 
shadows in addition to the shadows cast 
by the sun. 

Such exceptionally 
rivaling the sun in 
course very rare. Astapovich reports that, 
among 37,000 naked-eye meteors he has 
observed, only 87 were of apparent mag- 
nitude —4 (like Venus), and only two 
attained —12 and —14 (comparable to 
the full moon). This experience indicates 
that an average person might expect to 
see a really bright fireball only once o1 
twice in his lifetime. 

Because of the exceeding rarity of fire- 
balls as brilliant as the sun, reliable ob- 
servations of their paths across the sky, 
of their brightnesses, and of their visual 
appearances have great value. Many of 
them have an easily recognized angulat 


brilliant fireballs, 
brightness, are of 


size, and they often explode into numer- 
ous fragments while in flight. Usually 
long-lasting trains are left in the sky, ap- 
pearing as clouds of dust during the day 
or as luminous streaks at night. 

\bout five per cent of all fireballs pro- 
duce noise like thunder, with shock waves 
that in some cases break windows or crack 
walls of buildings. At Madrid, on Feb- 
ruary 10, 1896, ‘““A minute and one half 





On February 18, 1948, the explosion 
of a large stony meteorite in the day- 
time sky over Norton County, Kansas, 
produced this luminous cloud, which 
was photographed three to five min- 


utes later by J. W. Lewallen. The 
cloud is beginning to dissipate in 
winds of the upper atmosphere. 





A disintegrating fireball in Hercules 
was observed on August 8, 1926, and 


sketched by I. S. Astapovich, from 

whose book a number of illustrations 

in this article have been reproduced 
or adapted. 


after the flight of a brilliant daylight fire- 
ball, there was heard a tremendous explo- 
sion resembling the sound of thousands 
of cannon, after which there were sev- 
The earth began 
buildings were 


eral weaker explosions. 
to tremble many 
damaged 
smashed. Panic spread among the popu- 


. . millions of windows were 


lation. 

The relative 
creases sharply with decreasing apparent 
brightness, and the hourly rate of ordi- 
nary meteors seen by a single observer on 


number of meteors in- 


an average nonshower night is about 10. 
During a fairly intense shower the rate 
may reach several thousand per hour. 

Astapovich estimates that for every 
meteor of apparent visual magnitude —25 
there are 24 of magnitude —20, as well 
as 600 of magnitude 15,000 of 
—10, and 10 million of zero magnitude. 
About 500 million in all would be brighter 
than magnitude +5, about as faint as the 
eye can see. 

Telescopic meteors are even more nu- 
merous, but the faintest ones — usually 
also the smallest in mass and radius — are 
probably not as common as an extrapola- 
tion from the foregoing data might sug- 
gest. Very likely, the smallest particles are 
driven out of the solar system by the pres- 


— 15, 


sure of the sun’s radiation, and by other 
effects. On the average, within a volume 
of interplanetary space as large as the 
earth, there may be some 60,000 objects 
that can become naked-eye meteors on 
passing into the earth’s atmosphere. As 


our planet sweeps up this volume in about 
five minutes as it moves around the sun, 
the total number of meteors thus collected 
in 24 hours is about 20 million. 

Some other astronomers find an even 
more rapid increase in the number of 
faint meteors than Astapovich cites. His 
data indicate that for each meteor of a 
particular magnitude there are two of the 
next fainter magnitude. However, Haw- 
kins and E. Upton, from Harvard Observ- 
atory super-Schmidt photographs, have de- 
duced the ratio to be 3.4 rather than two. 
Their data imply that 90 million meteors 
brighter than magnitude +5 enter the 
atmosphere of the entire earth each 24 
hours. 

It is now well established that the vast 
majority of all observed meteors are mem- 
bers of the solar system and not intruders 
from interstellar space. Such an_ inter- 
loper would be moving in a parabolic or 
hyperbolic orbit, with a velocity of at least 
42 kilometers per second when it is at 
one astronomical unit from the sun. Since 
the average orbital speed of the earth is 
30 kilometers per second, interstellar me- 
teors colliding head on with the earth 
should have relative velocities greater 
than 42 + 30 = 72 kilometers per second. 

However, Whipple found that “of some 
500 well-determined photographic meteor 
orbits none have yet been found to be 


certainly hyperbolic.” In England, Miss 





Sketches presented by Astapovich to 
depict (top to bottom): 1. Meteor on 
April 23, 1930, observed by S. M. 


Selivanov in a 7-inch refractor. 2. 
German fireball of September, 1924. 
3. Fireball observed by J. Schmidt 
with low power, October 19, 1863. 
4. W. F. Denning’s fireball of June 7, 
1878. 5. A swarm of meteors seen Oc- 
tober 6, 1952, by S. N. Grigorieva; 
the circle indicates the size of the 
moon. 6. Fireball seen July 27, 1874, 
by P. Tacchini. 
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This bright Perseid meteor on August 13- 


14, 1959, was photographed by George 


W. Rippen at Des Plaines, Illinois, during an IGY meteor observing session. 
It traveled up the sky past the stars in Cassiopeia at the right, and was of a 
yellow color that changed somewhat at the terminal double explosion. Its mag- 
nitude was visually estimated as —3.0, and it occurred at 11:23:35 p.m. Central 
standard time. The stars trailed during the half-hour exposure. 
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The distribution of 11,073 radar mete- 
or velocities, by D. W. R. McKinley, 
National Research Council, Canada. 


M. Almond, J. G. Davies, and A. C. B. 
Lovell concluded from radar observations 
of over 1,000 meteor velocities that the 
number of hyperbolic meteors must be 
considerably less than one per cent of 
the total. 

A similar result is evident from the ac- 
companying chart by D. W. R. McKinley, 


by radar in Canada. Very few had rela- 
tive velocities greater than 72 kilometers 
per second, and even these few could 
have originally had elliptical orbits that 
were changed to hyperbolas by planetary 
attraction. 

While nearly all meteors are members 
of the solar system, recent work by British 
and American astronomers emphasizes the 
distinction between kinds: meteors 
moving in well-defined streams, and the 
sporadic meteors, whose motions are much 
more haphazard in direction. Classical 
theory, on the assumption that the mo- 
tions of meteors are random, permits de- 
termining the relation between the hourly 
number of meteors and the time of day. 
It predicts a marked maximum in the rate 
of sporadic meteors at about the time of 
sunrise or, more precisely, when the di- 
rection of the earth’s orbital motion is 
toward the observer’s zenith. 

Observations show this effect plainly. 


two 





of the velocities of 11,073 meteors recorded ‘There are also differences between the 
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rates counted by Northern and Southern 
Hemisphere observers, as is shown by the 
Harvard photographic records. This dif- 
ference is, however, due to shower meteors 
rather than randomly moving sporadic 
ones. 

Even at present, careful studies of hourly 
and annual variations of meteor numbers 
by visual observers may yield interesting 
results. Moreover, there is always the pos- 
sibility that a new, unpredicted shower 
might appear, or that one known for 
many centuries may become more intense 
or less. 

The apparent radiants of meteor show- 
ers — which may be obtained by prolong- 
ing the observed tracks backward on a 
celestial globe or suitable star chart — 
have several important properties. They 
are not geometrical points, as they would 
be if the meteor paths were strictly paral- 
lel straight lines, but are small extended 
areas. During the course of a night, a 
radiant undergoes a sizable shift. This is 
due to zenith attraction (the curvature of 
meteor paths by the earth’s gravitation) 
and to daily aberration (the change in 
the observer’: relative position because of 
the earth’s rotation). In addition, the lo- 
cation of the radiant among the stars has 
a slow but uniform shift from one night 
to the next, because of the earth’s orbital 
motion. 

These shifts are charted (facing page) 
for the Perseid radiant, where the straight 
line indicates the motion of the radiant 
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Monthly counts are plotted here for 
582 meteors that were photographed 
by Harvard Observatory telescopes in 
the Northern and Southern Hemi- 
spheres between 1889 and 1936. 


on the celestial sphere, after corrections 
have been applied for zenith attraction 
and daily aberration. The Perseid radiant 
travels about three degrees in two days, 
but that of the Draconids moves only a 
fraction of a degree during an equal time. 
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The characteristics of the radiants, par- 
ticularly the spreading of a radiant over 
an area, demonstrate that meteor swarms 
are fairly wide toroids, in which the 
meteors follow slightly different orbits. 
Whipple and Miss F. W. Wright have 
shown that the showers with longer dura- 
tions have more diffuse radiants, and they 
suggest that as a meteor swarm ages it 
spreads out over a greater volume of space 
and the individual meteor orbits become 
increasingly divergent. Most shower radi- 
ants lie near the ecliptic, an indication 
that the motions of the meteor streams, at 
least, are not at random, but favor the 
central plane of the solar system. 

Individual sporadic meteors may be 
considered to have radiant points also. 
For such an object, the radiant is that 
point in the sky from which the meteor 
would be seen to come if it were heading 
straight for the observer. The radiant of 
a sporadic meteor can be determined if 
its track has been plotted and its velocity 
measured, the zenith attraction and daily 
aberration corrections being applied just 
as with shower meteors. A high percent- 
age of all visual meteors appear to be 
sporadic. 

Hawkins’ results from radar observa- 
tions, and those of both Hawkins and 
J. P. M. Prentice from visual data, show 
a heavy concentration of radiants near 
the apex of the earth’s orbital motion (the 
point on the sky toward which the earth 


is moving at any moment). This is ex- 
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To illustrate how perspective produces the effect of a radiant for shower mete- 
ors entering the atmosphere along nearly parallel paths, the simplifying as- 
sumption has been made that they have the same heights and true lengths. 


the other planets in the solar system. 
Whipple and L. G. Jacchia have further 
found “that a distinction can be drawn 
between directly moving and retrograde 
orbits. The direct orbits tend to have 
short periods, high eccentricities, and low 
inclinations, resembling very closely the 
orbits of short-period comets. On _ the 
other hand, retrograde orbits have a 
longer period and a more uniform dis- 
tribution of inclinations, resembling the 
distribution of long-period comets.” 
Thus, the majority of sporadic meteors, 
like those belonging to showers, are of 
cometary origin. Only the brightest me- 
teors, fireballs, and meteorites are physi- 
cally the same kind of body as the minor 
planets. Among the faintest telescopic 
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Six-hourly positions of 
the Perseid radiant are 
— labeled here by Asta- 
povich, for two succes- 
sive days. The straight 
line indicates the mo- 
tion of the radiant on 
the celestial sphere, af- 
ter corrections for ze- 
nith attraction and the 
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RIGHT ASCENSION 


pected from the sweeping action of the 
earth, as we have already noted. But 
there are two other concentrations of 
radiants, one in the direction of the sun, 
the other 180 degrees from it, although 
the former cannot be detected by visual 
observations since few meteors are seen 
during the day. When these results are 
corrected for the earth’s motion relative 
to the sun, there is a marked preponder- 
meteors overtaking the earth, 
about 30 times as many as there are col- 
liding with it head on. The visual ob- 
servations for meteors of low inclination 
to the ecliptic confirm this result, giving 
a 50-to-one ratio for inclinations less than 
50 degrees. Evidently, the assumption of 
randomness of meteor motions is a very 
poor approximation to the truth — most 
meteors following the ecliptic and having 
direct motions, in the same west-to-east 
manner around the sun as the earth and 


ance of 


| daily aberration have 
been applied. 


meteors there may be an increasing num- 
ber of interstellar particles. But no ve- 
locity determinations have as yet been 
made for the faintest meteors observable 
through a large telescope. 

One of the most mysterious problems, 
which I believe can best be solved by the 
combined efforts of several visual observ- 
ers, concerns the nonuniform occurrence 
of meteors with time. As long ago as 1902, 
V. K. Ceraski remarked that Perseid me- 
teors tend to appear in groups of two or 
three, first in one constellation, then in 
another. This was also noted by D. O. 
Sviatsky in 1902 and F. Quénisset in 1910. 
The latter remarked, “Groups of two, 
three, and four meteors follow one an- 
other within intervals of a few seconds, 
after which there is usually a quiescent 
period.” 

G. A. Shajn, also in 1910, wrote: “After 
a fairly long interval of time, there ap- 
peared almost simultaneously groups of 
several meteors.” At about the same pe- 
riod, I also had the impression that the 
meteors of the Perseid shower tended to 
come in groups of several in quick succes- 
sion. In 1926, A. F. Subbotin plotted the 
numbers of Perseid meteors as a function 
of time and found a distribution which, 
though nonperiodic, could not be ex- 





G. S. Hawkins’ plot of the distribution of radiants for sporadic meteors from 

240,000 radar observations. The radiants crowd toward the ecliptic (horizontal 

axis). Also, they concentrate toward the apex of the earth’s motion and to two 
points in the sky 90 degrees away. From the “Handbuch der Physik.” 
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20 50™ 
plained in terms of normal statistical 
fluctuations. In 1934 Miss D. Hoffleit 
found that even the sporadic meteors tend 
to appear in clusters. A similar result was 
obtained in 1951 by A. S. Agadzhanova. 

\stapovich feels that meteor showers 
consist of clusters or clouds, some having 
only a few meteors separated from one 
another by a few hundred kilometers. 
These are seen at a single site within a 
few seconds. Other clusters contain hun- 
dreds of thousands of particles occupying 
a volume thousands of kilometers in di- 
ameter. These can be observed at widely 
separated points on the earth, 1,000 kilo- 
meters or more apart. 

The sketch represents a small cluster 
and a large cloud. Note also the graph of 


some of the actual, simultaneous counts 


‘e 





The breakup of the nucleus of Comet 
1882 II is shown in drawings by A. A. 
Common. The top small-scale view 
was by day on September 17, 1882, 
with a 6-inch refractor. His other 
sketches were made with his 36-inch 
reflector. In the middle one, the nu- 
cleus had become an elongated inter- 
rupted bar (October 31st). Finally, 
on January 27, 1883, it was fivefold. 





























Left: Fluctuations in 
he rz ; of Perseid YW A ¥ 
the rates of Perseid me- 8 Stalinabad 
teors are charted from 2 c 
counts by A. F. Sub- & 
botin in 1926. S A 8 Cc Ashkhabad 
Right: Evidence for q 
large clusters of meteors © A B 
H . Abastuman 
is provided by correla- 2 . ii lin 
tions between simul- 
taneous counts at four g 
Bere one 0 a. Odessa 
Soviet stations along a > Cc 
or ° . : = f a od 
2,500-mile line, accord- Ss —— 
. “ 3 22:00 ‘ 
ing to Astapovich. TIME 
of Perseid meteors made at four stations  teors increases at the maximum of the 
in 1950, 1951, and 1953. Although As- Perseids and Geminids and that these 


tapovich shows only this one sample, pre- 
sumably similar results were obtained at 
other times. Other such work is desirable, 
since the identifications of clouds A, B, 
and C, as well as the empty spaces be- 
tween them, are perhaps not too convinc- 
ing. 

Average distances between neighboring 
particles of a dense shower are about 30 
to 40 kilometers, compared to as much as 
a million kilometers in a very diffuse one. 
\s the average mass of each particle is a 
small fraction of a gram, the mutual gravi- 
tational attraction between particles is 
practically zero. It is, therefore, difficult 
to account for the existence of any clusters 
of meteors within a large swarm. 

The gravitational perturbations of the 
individual swarm par- 
ticles by Jupiter and other planets should 


orbits of meteol 


streams contain a ‘core’ of large, undis- 
turbed particles.” Yet all of these effects 
would be expected to produce a statisti- 
cally smooth distribution of meteors with- 
in a swarm of increasing cross section. 

If future observations confirm the exist- 
ence of clusters within the large swarms, 
we may be forced to think of processes 
like the splitting of comets into several 
parts. Biela’s comet, which had a period 
of nearly seven years, was observed as a 
single object in 1772, 1806, 1826, and 
1832. But in 1846, while under observa- 
tion, it first became pear-shaped, and later 
two comets that traveled 
along side by side 200,000 kilometers 
apart. In 1852 the twin comets were again 
seen, but the separation was 10 times 
greater. They have never been observed 
since, except as Andromedid meteors. 


divided into 





Right: Some meteor 
phenomena can be ex- 
plained, Astapovich be- 
lieves, by the influx of 
large and small clouds 
of meteors, one of the 
latter being shown here 
over observing stations 
at Ashkhabad and 
Merv. 
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gradually spread the stream out in cross 
section, nearly along the ecliptic. S. E. 
Hamid has found that the presently ob- 
served scatter of Perseid radiants is con- 
sistent with the hypothesis that the stream 
was dispersed from Comet 1862 HI about 
250 revolutions ago, when its orbit crossed 
Jupiter’s. And M. Plavec concluded in 
1950 that the Geminid stream was being 
so rapidly scattered by perturbations that 
the shower may last only about a hundred 
years. 

According to Whipple and others, col- 
lisions between particles, corpuscular radi- 
ation from the sun, and solar heating all 
contribute to the dispersal of initially 
very compact streams. Some of these ef- 
fects act more powerfully small 
This may help to 


upon 
than large particles. 
explain why Hawkins and Miss Almond 
found that “the percentage of bright me- 
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‘Taylor's comet, 1916 I, also broke into 
two parts. The brilliant comet 1882 II, 
which passed through the solar corona, 
separated into four parts whose periods 
are 664, 769, 875, and 959 years, accord- 
ing to H. Kreutz. ‘Though none of these 
have had time to return to perihelion, of 
course, it has been suggested by I. G. 
Parker that five other comets, with orbits 
resembling that of this brilliant one, may 
be older splinters. 

It is tempting to suppose that explosive 
forces within the icy conglomerates of 
comet nuclei that produced the breakups 
of comets Biela, Taylor, and 1882 II, may 
be acting in all comets as they approach 
the sun. And it may be that we do not 
see the actual breaking off of fragments 
at large distances from the earth, yet these 
might conceivably produce the clustering 
of meteors. 





Instruments 
at the Leiden 


Southern Station 


ee IGHT COLLECTOR” is a better 
L descriptive term than telescope 
for the 36-inch reflector pictured 
on the front cover. Designed especially for 
photoelectric photometry of stars in five 
colors simultaneously, it is intended to 
vive a sharp image only on the optical 
axis, rather than to furnish an extended 
working field. 

Erected in South Africa in 1957, it is 
one of the principal instruments at the 
new southern station of the Netherlands’ 
Leiden Observatory, situated some 20 
miles west of Pretoria near the artificial 
lake created by the Hartebeespoort Dam. 
There it enjoys the favorable observing 
climate of the high veld, yet is not too 
remote from cities. 

The new station supersedes an earlier 
observing site at Johannesburg, in use by 
Leiden astronomers for over 30 years. 
There the main instrument was a 16-inch 
double refractor, shown here as re-erected 
at Hartebeespoortdam. It has been used 
mainly for studies, both 
photographic and Also 
transferred from Johannesburg is the his- 
toric Franklin-Adams camera, a wide-field 
10-inch refractor, well known for charting 
the sky and for variable star surveys. 

The 36-inch is a fork-mounted Cas- 
segrainian, with a spherical primary mir- 
ror and a highly figured secondary. The 
fact that the primary is not a paraboloid 
is no handicap, since only one star, at the 
center of the field, is observed at a time. 

With older instruments, observing the 
brightness of a faint star with a photo- 
electric photometer has been a somewhat 
tedious operation. The star first has to 
be identified among its neighbors, usually 
with the aid of a marked photograph, this 
often taking more time than the measure- 
ment itself. 

This difficulty is avoided by the very 
precise construction of the new mounting, 


variable star 
photoelectric. 


permitting use of an automatic steering 
system for quick and exact pointing. The 
observer sits at the control panel, sets 
the right ascension and declination of the 
Star on indicators, and electric motors 
swing the telescope to the desired direc- 
tion, to within 10 seconds of arc. 

\t this stage the light of the star is 
caught by a photocell, which determines 





J. Wolterbeek looks through the 8-inch guiding telescope of the famous Rocke- 
feller twin photographic refractor. The mounting is by Grubb Parsons, and 
is carried on two piers. The two 16-inch objectives are by Zeiss, but only one 
of the main tubes is readily visible in this Leiden Observatory photograph. 


any small deviation in the setting and 
effects an improved pointing to inside one 
second of arc. Immediately after this, 
the starlight is passed into the measuring 
photometers, the brightness in five colors 
being automatically registered. While this 
observation is going on, the observer pre- 
sets the co-ordinates of the next star in 
his list; then he has only to operate one 
switch to turn the telescope to that star 
and repeat the observing cycle. 

This automation greatly increases the 
speed and ease with which observations 
can be made. Instead of one star re- 
quiring as much as 15 minutes, now only 
a few minutes are needed, a gain of great 
importance in carrying out photoelectric 


programs involving thousands of stars. No 
wonder that the light-collector type of 
instrument is coming into use at many 
observatories. 

The 36-inch carries a “spectrograph” 
permanently mounted at the Cassegrain- 
ian focus. This divides the starlight into 
five well-defined spectral regions: ultra- 
violet, blue, green-yellow, red, and in- 
frared. These five colors are received by 
five photomultipliers, so that each range 
of wave lengths is measured simultane- 
ously. 

The primary mirror and_ secondary 
were made at Yerkes Observatory, while 
the mounting was constructed by the 
Dutch firm of Rademakers, in Rotterdam. 
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Abbe Lacaille’s 
List of Clusters 
and Nebulae 


OwEN GINGERICH 


Harvard College Observatory 


N 1755, 16 years before the first install- 
| ment of Messier’s catalogue of nebulae 

and clusters was printed in the 
Mémoires of the French Academy, a 
rather similar tabulation had appeared in 
the same publication. This list of 42 
southern nebulae was abstracted by Abbé 
Nicolas Louis de Lacaille (1713-62) from 
his catalogue of about 10,000 stars com- 
piled during an expedition to the Cape 
of Good Hope in South Africa. 

Later, in three volumes of the French 
almanac Connaissance des Temps (1783, 
1784, and 1787), the Lacaille list was re- 
printed along with the Messier catalogue 
and its extensions. Today the Messier 
numbers are commonly used for those 
103 objects, while Lacaille’s have slowly 
dropped into oblivion. The latter’s col- 
lection did not lack spectacular objects, 
for among its entries are the globular 
clusters Omega Centauri and 47 Tucanae, 
the diffuse nebulae Eta Carinae and 30 
Doradus, and the cluster Kappa Crucis. 

Why, then, has not the Lacaille com- 
pilation achieved as much fame among 
southern observers as its northern coun- 
terpart? First, his notation has proved 
unfortunately cumbersome. Unlike the 
Messier listing, which grew over more 
than a decade and whose objects run 
numbered in order of observation, the 
Lacaille catalogue was compiled in less 
than a year — from August, 1751, to July, 
1752. Consequently, it was possible not 
only to arrange the objects in order of 
right ascension, but to list them in three 
categories: I, nebulae without stars; II, 


FACING PICTURE: The nebula sur- 
rounding the variable star Eta Ca- 
rinae, photographed in red light with 
the 60-inch reflector at the Boyden 
station in South Africa. Lacaille ob- 
served this object in 1752. While an 
observer should be south of the equator 
for a good view of this remarkable 
nebulosity, which is at declination 
—59°, amateurs in Florida and the 
southernmost part of Texas may catch 
a glimpse of it whenever it reaches its 
greatest altitude. Harvard Observa- 
tory photograph. 
























Nicolas Louis de Lacaille (1713-62) was among the leading French astronomers 

of his day. During his expedition to South Africa, he compiled the pioneer 

catalogue of southern star clusters republished here in modern form. From an 
engraving courtesy of Paris Observatory. 


nebulous clusters; III, stars accompanied 
by nebulosity. The five objects mentioned 
above thus have the rather awkward desig- 
nations Lac I-5, Lac I-1, Lac III-5/6, Lac 
1-2, and Lac II-12, respectively. The 
Arabic numbers refer to their order in 
his three classes. 

Further inspection reveals that La- 
caille’s collection is not really as much 
of a southern counterpart to Messier’s as 
might be expected. Both astronomers 
prepared their lists as incidental parts of 
other, very different investigations. Mes- 
sier was concerned with comets, and tor 
his sweeps of the sky he used telescopes 
with apertures of about three inches. He 
considered his catalogue of nebulae a 
list of ‘‘nuisances’” for comet hunters to 
avoid. 

Working about two decades earlier, 
Lacaille had singlehandedly revived posi- 
tional astronomy in France, and for re- 
cording star positions he employed much 
smaller telescopes. Thus, there is a con- 
siderable disparity between the two men’s 
lists in regard to limiting magnitudes and 
resolution. At least eight of Lacaille’s 
42 objects are mere asterisms, which 
Messier probably would have rejected 
(although his catalogue does contain two 


February, 1960, Sky AND TELESCOPE 207 


such entries, M40 and M71). And while 
Messier listed many faint galaxies, La- 
caille included but one, M83 (Lac I-6). 

Lacaille’s life and work seem to pivot 
about the South African expedition which 
produced, as a by-product, this first sys- 
tematic catalogue of nebulous objects. He 
originally undertook theological studies, 
but later devoted himself exclusively to 
astronomy. In his investigations, he bril- 
liantly coupled theoretical with observa- 
tional work. 

The French astronomer was concerned 
with the orbital elements of comets and 
planets, especially of the earth. This led 
to observations of fundamental positions 
of the stars, to a study of atmospheric re- 
fraction, and ultimately to determining 
the lunar and solar parallaxes. His stu- 
dent Lalande said of him that during his 
comparatively short life Lacaille had made 
more observations and calculations than 
all the astronomers of his time put to- 
gether. 

His trip to the Southern Hemisphere 
in 1750 was to determine more accurately 
the distances to the sun and moon. Ob- 
servations of the moon, Mars, and Venus 
were made from both hemispheres simul- 
taneously, and the resulting triangulation 











allowed him to establish the distance to 
the moon as 250,000 miles and to the sun 
as 81,000,000 miles. 

While at the Cape of Good Hope, La- 
caille surveyed the first South African arc 
of the meridian, and observed the posi- 
tions of 9,766 stars in the southern sky. 
He devised an interesting technique for 
rapidly observing this vast number of 
stars. His }-inch {/50 telescope of 8 power 
was rigidly attached to a mural quadrant, 
and a rhomboidal diaphragm was placed 
in the field of the instrument. As “he 
stars in a 2.7-degree zone drifted through 
his field in their daily motion, Lacaille 
recorded the times when they entered 
and left the rhombus. The average of 
the two sidereal times for a star gave its 
right ascension, while the difference of 
the times was a function of its declination. 

Lacaille reduced the positions of 1,942 
of these stars for a preliminary catalogue, 
but mapped all 9,766 into a celestial atlas. 
In this work he completed the naming 
of southern constellations by charting 
Sculptor, Fornax, Horologium, Reticulum 
Rhomboidalis, Caelum, Pictor, Pyxis, Ant- 
lia, Octans, Circinus, Norma, ‘Telescopi- 
um, Microscopium, and Mons Mensae. 
Among these, readers will recognize the 
names of several of Lacaille’s instruments. 

One of the first results of the expedi- 
tion, reported to the Academy of Sciences 
after Lacaille’s return in 1754, was the 
catalogue of nebulae that had been ob- 
served during his zone surveys. He wrote: 

“The so-called nebulous stars offer to 
the eyes of the observers a spectacle so 
varied that their exact and detailed de- 
scription can occupy astronomers for a 
long time and give rise to a great number 
of curious reflections on the part of phi- 
losophers. As singular as those nebulae 
are which can be seen from Europe, those 
which lie in the vicinity of the south pole 
concede to them nothing, either in num- 
ber or appearance. I am sketching out 
this description and list to serve as a 
guide for those with the equipment and 
leisure to study them with larger tele- 
scopes. I would have greatly desired to 
present something more detailed and in- 
structive in this article, but with ordinary 
refractors of 15 to 18 inches [in length] 
such as I had at the Cape of Good Hope, 
I had neither adequate nor convenient 
enough instruments for this kind of re- 
search. Those who do take the trouble 
to see what has occupied me during my 
foreign sojourn will see well enough that 
I did not have time to make that sort of 
observation.” 

After mentioning his division of nebu- 
lae into three categories, Lacaille added, 
“I have found a great number of the 
three types of nebulosities in the southern 
part of the sky, but I do not flatter myself 
to think that I have noticed them all, 
especially those of the first and third 
types, because they can only be perceived 
after twilight and in the absence of the 
moon. However, | do hope that the list 





LACAILLE’S CLASS I: NEBULAE 


Lac. NGC R.A. Dec. Type Const. Mag. Diam. Name 
I h m (1950) : : 
| 104 00 21.9 i224 Gb Tuc 3.0 poe 47 Tuc 
2 2070 05 39.9 69 04 Di Dor -- 20 x 20 30 Dor 
; 2477 06 50.5 38 25) Pup - 25 wins 
| 1833 12 56.0 70 36 Gb Mus 6.8 5 - 
‘) 5139 13 23.8 17 03 Gb Cen 3.0 23 w Cen 
6 5236 13 34.3 29 37 Sp Hya 8.0 10 x 8 M83 
7 5281 13 43.1 62 39 Cl Cen — 
8 6124 16 22.2 10 35 Cl Sco 25 -- 
9 6121 16 20.6 26 24 Gb Sco 5.2 14 M4 
10 6242 16-32.2 39 25 Cl Sco 10 - 
11 6637 18 28.1 be 20 Gb Ser 43 5 M69 
12 6656 18 33.3 23 58 Gb Ser 5.6 17 M22 
13 6777 19 21.4 71 39 . Pav - 
14 6809 19 36.9 31 03 Gb Ser 4.4 10 M55 


Remarks: 11, listed in NGC erroneously as 66 


object answering Lacaille’s description (similar 


away in a different declination zone. 


LACAILLE’S CLASS II: 


34. 13, NGC 6777 is nonexistent; the nearest 
to M22) is NGC 6752. more than 10 degrees 


NEBULOUS CLUSTERS 


Lac. NGC R.A. Dec. Type Const. Mag. Diam. Name 
II h m (1950) : , 
04 02.1 14 35 Hor 
2 07 24.4 34 02 Pup _- 
3 2516 07 59.7 60 44 Cl Car - 60 
| 2546 08 09.8 37 14 Cl Pup — 30 —_ 
5 I 2391 O08 41.2 52 45 Cl Vel - 20 6 Vel 
6 ; 08 44.8 42 23 Vel - - 
7 3228 10 19.7 51 28 Cl Vel - 30 
8 10 33.9 57 56 - Car - 
9 I 2602 10 41.0 64 08 Cl Car - 70 
10 3532 11 03.4 58 24 Cl Car - 60 
11 11 20.7 58 03 Cen 
12 $755 12 50.6 60 05 Cl Cru - 10 « Cru 
13 6231 16 50.7 41 43 Cl Sco - 15 
14 6475 17 50.7 34 48 Cl Sco . 60 M7 


Remarks: 1, a loose group of six to eight stars. 
stars of 6-7 magnitude which to the naked eye 


2, described by Lacaille as a “‘group of eight 
» forms a nebulosity in the sky.” 6, Lacaille: 


“seven or eight stars slightly separated.” 8, Lacaille: “four small stars in a diamond”; near 
IC 2599, a nebulous star. 11, Lacaille: ‘seven or eight small stars close together in a 


straight line.” 


LACAILLE’S CLASS III: STARS A 


CCOMPANIED BY NEBULOSITY 


Lac. NGC R.A. Dec. Type Const. Mag. Diam. Name 
III h m (1950) ° ’ , 

l 05 02.0 19 33 Pic - - 

2 2547 08 08.9 19 07 Cl Vel — 1S 

3 08 40.6 17 53 Cl Vel - 20 

I 2488 09 25.7 56 45 Cl Vel -- 20 - 

s 

3372-10 43.1 5925 Di Car 80 x 85 » Car 

7 3766 11 34.2 61 19 Cl Cen 10 

8 5662 14 31.5 56 21 Cl Cen - 8 

9 15 18.6 59 Ol - Cir - 

10 6025 15 59.4 60 22 Ci TrA —— 10 

11 6397 17 36.8 -53 39 Gb Ara 4.7 19 - 

12 6405 17 36.8 $2 11 Cl Sco 5.3 25 M6 
13 6523 18 01.6 24 20 Di Ser 6.8 35 x 60 M8 
14 22 277 58 48 Ind — - 


Remarks: 1, loose group of about six stars preceding 72 Pic. 3, around 5th-magnitude star 
GC 11988. 5, 6, parts of » Car recorded in two different zones. 9, triangle of 8th-magnitude 


stars north. of y Cir. 14, line of faint stars. 


is passably complete in regard to the most 
remarkable of the three types.” 

Readers may find more information on 
Lacaille’s life and work at the Cape of 
Good Hope in D. S. Evans’ article “La 
Caille: 10,000 Stars in Two Years,” which 
appeared in the British periodical Dis- 
covery, October, 1951, page 315. 

KEY TO LISTING 

The positions are for epoch 1950. When 
an NGC (or IC) number is given, the posi- 
tion is taken from the Skalnate Pleso Atlas 
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Catalogue. Photographic magnitudes and 
diameters are from the same source, except 
for Lac II-4 and Lac III-3, which have 
diameters measured from the Franklin-Adams 
charts. When no NGC (or IC) number is 
given, the position has been precessed from 
the reduction of Lacaille’s star catalogue 
made during the 1840’s in Edinburgh by 
Thomas Henderson. Eight of the objects 
also have Messier numbers. 

Cl is for open or galactic cluster; Gb, for 
globular cluster; Di, for diffuse nebula; and 
Sp, for spiral galaxy. 


co ee ee 


A New 


Astronomical 


Chronograph 


WILLIAM MUSSETTER 


Army Map Service. 
Corps of Engineers 


RECISE star observations for latitude, 
Picnpieude and azimuth are basic to 

constructing all maps of the earth's 
surface. The times at which telescope 
pointings are made on the stars must be 
known, because of their apparent motions 
in the heavens. 

Whereas less precise observations may 
need only an approximate time read from 
a watch fairly well set to local time, work 
of a higher order imposes stricter limits. 
The recording of the times of star transits 
for observing longitudes of first-order ac- 
curacy permits an error of but a few 
thousandths of a second. Such records are 
made graphically by “event-marking” in- 
struments. A chronograph is a device of 
this type especially designed for the 
purpose. 


Invented by W. C. 
of Harvard 


Sond, first director 


Observatory, pen-recording 





For accurate timings of observations by field expeditions of the department of 

geodesy, Army Map Service, this compact and rugged astronomical chronograph 

was designed by the author. The driving mechanism and clutch are inside the 
drum, which rotates once a minute. Army Map Service photograph. 


chronographs have been employed by as- 
tronomers for more than 100 years. How- 
ever, the commercial models are generally 
designed for permanent mounting, and 
have several disadvantages for field use 
by the Army Map Service in remote parts 
Not only are such instru- 
large and but 


of the world. 


ments excessively heavy, 





This old-style chronograph, of a type still widely used, was constructed about 

1880. The apparatus weighs 87 pounds, needs a 25-pound driving weight, and 

is much bulkier than the new model shown above, although both drums have 
the same diameter. U. S. Coast and Geodetic Survey photograph. 
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their internal movements are vulnerable 
to grit and moisture. Thus, for our world- 
wide program of astrometric observations, 
we decided to construct a compact, rugged, 
light-weight instrument that would over- 
come these faults and make an easily read 
record of satisfactory scale. 

Pen-recording chronographs may be of 
the drum type or the tape type. The first 
employs a rotating cylinder, or drum, 
around which is wrapped a sheet of paper. 
The record 
held against the moving paper. In the 
other type, a narrow paper tape is drawn 
under the pen at a constant speed. 

In the drum chronograph, the pen is 
mounted on a carriage that is slowly 
driven by a screw in a direction parallel 
to the axis of the drum. Therefore, the 
line drawn by the pen takes the form of 
a helix, and many yards of record may be 
made on an ordinary sheet of paper. On 
instrument re- 


is made by a pen or stylus 


the other hand, a 
quires one yard of tape for one yard of 
record, thus making it inconvenient to 
mark, reel, scale, and store the continuous 


tape 


record. To prevent excessive lengths of 
tape, it is Customary to start the chrono- 
graph for each comparison with a radio 
time signal or star transit, and to stop it 
as soon as finished. The independent 
records then obtained must be identified 
carefully. 

The 


pen itself is carried on the end 
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This portion of an original field record made with the author’s chronograph is from the files of the Army Map Service’s 
department of geodesy, Americas division. It shows the actual transit observations of stars in Cygnus and Pegasus. Time 
runs to the right, and each successive line is a minute later than the one above it; space permits reproduction of only those 
seconds in each minute from 38 to 14, the chronograph making ticks to mark these at two-second intervals. The top line 


is for 21:30 local chronometer time, the lowest shown for 22:03, but the entire sheet of this record runs to 


22:27 and 


includes more stars in Pegasus and Lacerta. In the left center, one of the time signals from WWV is marked 21:20. The 

star transits are observed by means of a moving wire in the field of view, which the observer keeps bisecting the star as 

it crosses the field. This moving wire makes electrical contacts that in turn impress ticks (checked with small ink marks) 

on the chronograph record. Measurement of the positions of these ticks permits calculation of the precise time at which 

the star crossed the local meridian. The beginning and ends of the records for 16 Pegasi and 20 Pegasi are included. The 
scale of the reproduction is half that of the original record. Courtesy U.S. Army Map Service. 


of an arm attached to the armature of a 
magnet. Whenever the is ener- 
gized by an electric current, the pen is 
jerked sidewise, producing a break or tick 


magnet 


in the drawn line. Two such ticks, pro 


duced by any electrical signal, will be 
separated by a distance depending on the 
interval of time between them and _ the 
rate of rotation of the drum. 

A very accurate clock — a chronometer 
— is customarily employed with a chrono- 
graph. A mechanism built into the works 
of the chronometer alternately makes and 
breaks an electrical circuit, usually at one- 
or two-second intervals, thereby providing 
the time base for the record. Any other 
signal, such as a radio time signal pulse, 
or one triggered by the observer at the 
will 
base 


meridian, 
the 


instant a crosses the 


make a 


Stal 
tick 


between two of 





marks. Its exact position between these, 


and hence its time interval from one or 


the other, may then be scaled off. 

The accuracy of this measurement de- 
pends only on the uniformity of the 
rotation, not upon its absolute 
As the interval between the time- 
base ticks is only one or two seconds, a 


drum’s 
speed. 


reasonably smooth motion will produce a 
record with negligible error. This speed 
is regulated by some form of governor, 
depending on the type of power supply. 
Che simplest, of course, is electric drive 
by a synchronous motor operating on al- 
ternating current. The governor, in this 
case, is the frequency regulation of the 
power supply. 

But carefully regulated alternating cur- 
seldom the field. 
Hence, in the past, drum-type chrono- 


rent is available in 


View at Camp Century, Greenland, in latitude 76° 06’ north. The theodolite 

used by the author (see the picture on the facing page) was mounted in the 

sheltered observation pit to the left of the trailer living quarters. Photograph 
by J. K. Mears. 
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graphs have been spring- or weight-driven 
with centrifugal or combined centrifugal- 
friction governors. Although these con- 
sume considerable power and require fre- 
quent adjustment under field conditions, 
they have been fairly satisfactory. 

Tape chronographs are usually spring- 
driven and controlled by vibrating-reed 
governors. Other possibilities include rheo- 
stat- or hysteresis-controlled direct-current 
motors operating on batteries, synchro- 
nous motors using the amplified output 
of a constant-frequency oscillator, or spe- 
cial direct-current motors regulated by 
intermittent brush contacts. 

The scale depends on the rate at which 
the paper is drawn under the pen, about 
10 millimeters per second for almost all 
drum chronographs. In order that succes- 
sive minutes of the record will appear as 
parallel lines across the paper, the drum 
usually revolves at one revolution per 
minute. Therefore, to secure the scale 
above, the drum diameter is 7} inches, 
which largely determines the over-all size 
of the instrument. The dimensions of 
tape chronographs, on the other hand, are 
substantially independent of the paper 
speed, and they frequently have optional 
scales greatly exceeding those of drums. 

Our field users of chronographs unani 
mously preferred the drum type, particu- 
larly for its economy of scaling, which 
overruled any disadvantage of larger size. 
Longitude observations are broken down 
into a series of star transits requiring an 
average time of 35 minutes, although 
varying greatly. A complete observation 
and comparison with radio time signals 
are desirable on a single sheet, but the 
paper may be changed during any inter- 
val between star transits with slight in- 








Some of the equipment needed for chronographic timing of star observations, 
inside a tent at the geodetic field station “Clyde 39” on Baffin Island, 
Canada. On the floor (center) is a chronometer whose beats are recorded on 
the chronograph, right. The latter is also connected with a short-wave radio 


receiver to obtain WWV time signals. 
power supply, a 12-volt automobile battery. 


convenience. It was therefore decided to 
limit the record to about one hour, giving 
128 feet of line at 10 millimeters per 
second, the drum running continuously. 
Standard-width paper could be used, as 
the drum is only 10 inches long, after 
allowing for paper fasteners and a spac- 
ing of the lines on the record sufficiently 
open for easy reading. 

\ recently developed direct-current mo- 
tor weighing only 8} ounces was adopted 
to drive the drum, the constant-speed 
mechanism employing a jeweled balance 
wheel and hairspring. The power supply 
is interrupted 900 times a minute by a 
commutator brush lifted by a cam. Should 
the motor be lagging, the restoration of 
current instantaneous; if it is 
overrunning, there is a delay. Gears with- 
in the motor give an output of 10 revolu- 
tions per minute, which is reduced to a 
drum speed of one r.p.m. by a large gear 


is almost 


of precise manufacture. 

The power is provided by a standard 
12-volt automotive battery, which must 
be available for other purposes, and can 
also be recharged in the vehicle during 
trips between observing stations. 

Compactness was achieved by a number 
ol design innovations, including placing 
the drive mechanism within the overhang 
of the drum at one end provided by re- 
cessing the head three inches. Cored 
recesses were used for the protection of 
the clutch lever, motor switch, and chain 
lor driving the pen translation screw, as 
well as to provide handholds. ‘The pen 
is located in an accessible position where 
it writes directly on top of the drum. As 
finally designed, the chronograph is about 
nine inches high, nine inches wide, and 
12 inches long. 


Underneath the chronograph is its 
Photograph by J. K. Mears. 


As these instruments are frequently mis- 
handled in shipment, and may meet with 
accidents in the field, particular attention 
was given to building a chronograph that 
would be rugged and resistant to misalign- 
ments that would impair its action. The 
drum and its axis can take a 200-pound 
load suddenly applied in the most unfa- 
vorable position. The drum will withstand 
a dishing stress of 250 pounds, and the 
rigid standards carry a reinforcing angle 
to protect the screw; this also stops any 
deflection of the pen carriage guides be- 
fore their elastic limit is reached. 

The basic instrument parts are hard- 


The author is observing 
Polaris with a Wild T-4 
theodolite at Camp 
Century on the Green- 
land icecap, in August, 
1959. Observation times 
were recorded with a 
new chronograph of the 
type described in this 
article. The theodolite 
has a 62-mm. f/8 tele- 
scope, 65 power, with 
the eyepiece at one end 
of the hollow horizontal 
axis. Finely divided glass 


circles enable vertical 
angles to be measured 
to 0.2 second of arc, 


horizontal angles to 0.1 
second. Photograph by 
J. K. Mears. 





ened aluminum alloys, except the poly- 
ethylene-fiberglass drum shell, which is 
four pounds lighter than the customary 
brass drum. The pen carriage is mounted 
on nylon bushings running on a stainless- 
steel rod, and the drive screw is anodized 
aluminum alloy with a special thread, the 
land of which is narrower than the groove. 
The thread is left-handed so as to produce 
a normal record reading from left to right. 
This is an improvement over earlier 
chronographs, which appear to have been 
designed for the Arabic trade! The com- 
plete instrument weighs slightly under 
12 pounds. In its box, the total weight 
is 20 pounds, while the old 
weighed 120. 

The only controls on the chronograph 
are the clutch lever and the motor switch, 
both located in a recess in the right-hand 
standard; they can be operated by one 
finger. The pen is returned to its starting 
point by lifting the carriage to free its 
driving lug from the screw, and sliding it 
to the right. This is ordinarily done only 
when the paper is changed. 

The pen mechanism uses standard com- 
mercial relay magnets, interchangeable for 
different voltages. —TTwo magnets, of six 
volts for battery power, and 5,000-ohm 
impedance for amplifier plate current, are 
presently provided. The armature yoke 
runs in a groove in a post, so that any 
blow will be absorbed there rather than 
transmitted to the hinge of the pen. The 
amplitude of the pen stroke is adjustable, 
and ordinarily is about 1/16 inch. The 
pen can move freely in the vertical plane 
but is held rigid in the horizontal. 

There are a number of possible ways 
for inscribing the record. These include 
an ordinary fountain pen, electrical meth- 
ods such as the hot stylus and high-tension 
discharges that punch holes in the sheet, 
wax-coated paper, pressure-sensitive paper, 


models 
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abrasive coatings, and photographic proc- 
\ll of these present certain prob- 
The fountain pen has 


esses. 
lems in the field. 
been preferred in the past because of its 


simplicity and availability. However, ink 





is subject to freezing and is affected by 
desert dust, and the paper may soften in 
humid climates. 
coated and pressure-sensitive papers give 
promise that these methods may eventu- 


Improv ements in Wax- 


A detail view of the 
new chronograph shows 
the pen and _ its car- 
riage. The wires carry 
pulses to a small elec- 
tromagnet which causes 
the pen to deflect, mak- 
ing tick marks as shown 
in the record on page 
210. The pen carriage 
is slowly shifted by the 
screw (part of which 
can be seen under the 
stainless-steel rods sup- 
porting the unit). Thus 
the line traced on the 
turning paper-covered 
drum is a spiral. Army 
Map Service picture. 


ally supersede the fountain pen. Hard 
wax surfaces over colored-paper bases are 
now producing very sharp and durable 
records that can easily be reproduced. 
Six of the new chronographs were built 
about two years ago by the model shop of 
the Engineer Research and Development 
Laboratories, Ft. Belvoir, Virginia. The 
detailed designs and specifications were 
made in the department of 
\rmy Map Service. Since then, 11 addi- 
tional chronographs of the new design 
have been built for the Coast and Geo- 
detic Survey and the Air Force by com- 
mercial instrument makers. 
These chronographs have 
considerable service and have performed 
satisfactorily in such varied climates as 
those of Libya, Ethiopia, and the Green- 
land icecap. Because of their sturdiness 
and light weight, the instruments have 
proven convenient for use on second- 
order astronomic position and azimuth 
observations that have heretofore been 
limited to eye and ear recording. Chrono- 
eraphic recording is expected to improve 


veodesy, 


now seen 


the accuracy of the observations and to 
eliminate blunders. 





NSF GRANTS FOR OBSERVATORY 
DEVELOPMENT PROJECTS 

The National 
entertaining proposals for the moderni- 
construction 


Science Foundation is 


zation, refurbishment, and 
of research 


facilities. “he program requires at least 


laboratory and observatory 
50-per-cent participation by the institu- 
tion concerned, with funds derived from 
nonfederal sources. It includes labora- 
tory fixtures and furnishings but excludes 
apparatus and_ telescopic or similar 
equipment. 

For the present, the grants are restricted 
to those university departments that have 
current programs of doctoral study, but 
will not be made for facilities to be 
used primarily for instructional purposcs. 
March Ist is the deadline for the receipt 
of proposals to be reviewed during the 
late spring and early summer of this year. 

Information concerning the grants and 
instructions for submitting proposals may 
be obtained from Division of Mathemati- 
cal, Physical, and Engineering Sciences, 
National Science Washine- 
ton 25, D.C. 


Foundation, 


NEW GERMAN OBSERVATORY 

Near Jena, East Germany, a new ob- 
servatory for the German Academy of 
Sciences will have a 79-inch (2-meter) re- 
flector, now under construction at the 
Carl Zeiss Works. This telescope, whose 
primary mirror is {/2 and spherical, can 
be operated in three different forms. One 
is as an f/3 Schmidt camera, its correcting 
plate being 53 inches in diameter. 

When the latter is replaced by a hyper- 
boloidal convex secondary mirror, the 
telescope becomes a Cassegrainian with 
an equivalent focal length of 66 feet. The 


light beam is diverted by a plane mirror 
through the hollow declination axle to 
the Cassegrainian focus, at the upper end 
of one of the fork arms, where spectro- 
graphs and other accessories can be used. 

The third is a coude arrangement. Here 
again a convex secondary mirror is used, 
but with a shallower curve giving a longer 
equivalent focal length. Four plane mir- 
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rors direct the light down the hollow polar 
axle and into either of two air-conditioned 
spectrograph rooms. One of these spec- 
trographs, which uses a 47-inch mirror, 
gives grating spectra with a scale of two 
angstroms per millimeter in the third 
order. This very high dispersion will per- 
mit a wide variety of detailed studies of 
stellar spectra. 








ASTRONOMICAL SCRAPBOOK 


THE TRAPEZIUM IN ORION 


ITUATED in the brightest part of the 

great Orion nebula is the 4th-magni- 
tude star Theta Orionis. The earliest defi- 
nite record that it is a multiple object is 
in Christiaan Huygens’ book on Saturn 
(1659). There he describes an observation 
he made in 1656 with a refractor 23 feet 
long, fitted with a single-lens objective. 
Turning by chance this primitive tele- 
of Orion, he 
nebulosity 


scope on the sword was 
struck with wonder at the 
wreathed about Theta, which he noted as 
“three stars, nearly touching one another.” 

Later, on January 8, 1684, he found 
with a 34-foot telescope that this group 
consisted of not three but four stars, a 
fact independently established by G. D. 
Cassini at Paris. The last 
Huygens made before his death in 1695 
was a sketch map of these four stars and 


observation 


their surroundings. 


“Perhaps no object in the sidereal 
heavens has received more attention from 
astronomers than the multiple star 94 
Orionis,” wrote the American double star 
specialist S. W. Burnham late in the 19th 
This attention had led to the 


prompt discovery of other, fainter mem- 


century. 


bers of the group, as SOOn as telescopes of 
adequate power became available. A fifth 
star, labeled E on the chart, was added 
by Wilhelm Struve with the 93-inch Dor- 
pat refractor in 1826. The sixth, F, was 
found by Sir John Herschel on Christmas 
Day, 1852, 
discoveries attracted the 
and Herschel’s 


with his 18-inch reflector. 
These widest 
attention among Struve’s 
contemporaries, for this was a time when 
double star astronomy was rapidly grow- 
addition to 
many 
tories, well-equipped amateurs 
\dmiral Smyth and W. R. Dawes were 
enthusiastically beginning to measure 
double stars. There were many others less 
qualified who scanned the Trapezium in 
hope of new discovery. 

Surnham tells the result: “Certainly no 
equal area in any other part of the sky 


ing in popularity. In pro- 


fessional astronomers at observa- 


such as 


has furnished room for the location of so 
many purely imaginary stars. At intervals 
during the last fifty years [this was written 
in 1889] various observers have recorded 
a number of stars in the space enclosed 
by the four bright stars of the trapezium. 
\s a rule these alleged discoveries have 
been made with small telescopes, even 
down to four inches’ aperture, and by 
observers with little or no experience in 
double-star work. As would be expected, 
perhaps, in an object as carefully studied 
as this has been for the last twenty or 
thirty years, all the large and most perfect 
modern refractors, directed by the most 
experienced double-star observers, have 
utterly failed to show, under the best at- 
mospheric conditions, the least trace of a 
single one of the dozen or more supposed 


new stars. The great 26-inch at Washing- 
ton, until recently the most powerful tele- 
scope in the world, revealed nothing to 
Hall in the course of a long series of 
measures of the known stars of this group. 
The other large telescopes in this country 
— the McCormick 26-inch, the Princeton 
23-inch, the Chicago 18}-inch, the Madi- 
son 16-inch, and the Harvard 15}-inch 
were equally unsuccessful.” 

So strongly worded is this verdict that 
it seems an act of kindness not to name 
the hapless would-be discoverers! It is, 
fact that the detection of a 
genuine seventh star in the Trapezium 
had to await the availability of a far 
more powerful instrument than any Burn- 
ham mentions. 

In 1888, just after the 36-inch Lick re- 
had Alvan G. 
Clark, who had made its objective, visited 
Mount Hamilton to test his work. One 


however, a 


fractor been mounted, 


This map of the mul- 
tiple star Theta Ori- 
onis was drawn by S. 


W. Burnham to _ indi- 
cate the locations of the 
faint members discov- 
ered at Lick Observa- 
tory. Stars A, B, C, 
and D form the Tra- 


pezium itself. The star 
designations are those 
in current use. The 
scale is the same as in 
the original diagram 
that appeared in Vol. 
19 of the “Monthly No- 
tices,’ Royal Astro- 
nomical Society (1889). 


of the first objects examined was the 
Trapezium, and he noticed at once a very 
faint speck of light, marked G in the 
accompanying chart. Subsequently Burn- 
ham repeatedly saw and measured it. Close 
to the threshold of visibility of the 36- 
inch, it was visible only on nights when 
the seeing was first class. 

That October with the same telescope, 
E. E. Barnard added the 16th-magnitude 
member H to the group, and found that 
this exceedingly faint object was itself 
double. His fellow observer, Burnham, 
describes it: “On a remarkably perfect 
night, I saw the minute pair well, though 
with great difficulty, and obtained a fairly 
good measure. As a double star it is 
quite unlike anything known in the 
heavens, and the severest possible test 
for the defining and illuminating power 
of the large telescope. I have only been 
able to see it once.” 

No one else has done so since, ap- 
parently, for Aitken’s double star cata- 
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logue lists no later data for Barnard’s 
pair. But the ultima Thule in the Tra- 
pezium group is an unnamed star whose 
place in the map is indicated by a cross. 
Barnard’s exceptionally keen eye glimpsed 
this even fainter star on two nights 
in 1888-89 with the 36-inch refractor, an 
object so excessively difficult that even 
Burnham could never see it definitely. 
There appears to be no later record of 
any search for it. 

What about photographic confirmation 
of these faint specks of light? Unfortu- 
nately, on ordinary plates taken with 
fast modern instruments they are drowned 
out by their vastly brighter neighbors, 
and by the nebula. However, K. A. Strand 
in 1957 prepared a chart showing Theta 
Orionis, from infrared photographs made 
at Yerkes Observatory and at the Flag- 
staff station of the U.S. Naval Observa- 
tory. His map does show Clark’s G and 
the pair H, but not Barnard’s unnamed 
star. In infrared light the nebulosity is 
suppressed, and no longer masks the stars 


involved in it. 





In recent years, the Trapezium has not 
been neglected by astronomers working 
with more rewarding, newer techniques 
in double star observing. The B com- 
ponent has been found to be an eclipsing 
binary, for example, and extremely pre- 
measurements have 
been relative locations of 
the brighter members. Nevertheless, the 
visual Jast word on Barnard’s discoveries 
seems to be over 70 years old! 
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An Amateur’s Tour 


LELAND S. COPELAND 


Shown here as photographed at Mount Wilson Observatory, the Owl 
nebula has two “eyes” that are difficult features to detect visually. 


The visual appearance of the Dumbbell nebula in Vulpecula is displayed in 

this drawing, made by Leopold Trouvelot about 1874 with the 15-inch refrac- 

tor of Harvard Observatory. The faint extensions or lobes are perhaps too 
bright, at least in comparison with the photograph opposite. 
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of Planetary 
Nebulae 


MONG tthe strangest objects in our 

galaxy are the infrequent planetary 

nebulae. These glowing gas clouds 
are of tremendous size, yet so rarefied as 
to be practically nonexistent when com- 
pared with objects of ordinary human 
experience. ‘Though many of them oc- 
cupy space more than a hundred times 
greater than our solar system, each is the 
quintessence of emptiness. 

With few exceptions, planetaries are 
isolated from their fellows and lost amidst 
the lesser stars. Though still called by the 
name Sir William Herschel used — _be- 
cause to him they looked like planets’ 
disks — they differ considerably in appear- 
ance among themselves. In fact, plane- 
taries come in almost as many curious 
shapes as did Proteus, the tricky old man 
of the sea in Homer’s Odyssey. 

The Owl nebula (Messier 97, in Ursa 
Major) appears in photographs as a disk 
with dark markings; the Ring (M57, in 
Lyra) resembles a doughnut, even in small 
telescopes; and the Crab (M1, Taurus) 
suggests, in a Mount Wilson picture, a 
holiday turkey ready for the table. Hand- 
somest of all its kind, the Dumbbell (M27, 
Vulpecula), which was named with the 
Owl and Crab by Lord Rosse, looks like 
a comfortable pillow. 

Less well-known planetaries resemble a 
snowball, a cork, a blue egg, a gray spot, 
a snail or corkscrew, and even a flower. 
But as the amateur peers more deeply in- 
to interstellar space, the specimens shrink 
till they appear as soft, fuzzy stars. Except 
for some two dozen among the nearest 
and largest of the 500 planetaries that 
have been discovered, in amateur tele- 
scopes they are scarcely distinguishable 
from stars. 

Yet they can be identified by the users 
of spectroscopes, for planetaries are among 
the original fluorescent lamps, shining by 
stimulation. Their gases — mainly hydro- 
gen, nitrogen, oxygen, and neon — are 
excited by invisible ultraviolet light from 
the star at the center of each planetary. 
This excitation causes the soft radiance 
we see across distances of thousands of 
light-years. 

These marvelous objects seem to have 
resulted from tragedies that occurred, in 
many cases, thousands of years ago. Most 





At the left is a Trouvelot drawing of the Ring nebula in Lyra, as seen in Harvard’s 15-inch telescope. Compare it with the 

one-hour photograph at the right, taken with the 100-inch Mount Wilson Observatory reflector in August, 1921. The 15th- 

magnitude central star is so blue that it is much more conspicuous photographically than it is to the eye. The interior haze 

and the diffuseness of the ends of the oval can be recognized in an 8-inch telescope without much difficulty. In a 3-inch 
glass this nebula resembles an out-of-focus 8th-magnitude star. 


astronomers feel that a planetary nebula 
is formed when the intensely hot central 
star either explodes or ejects in some 
slower way a considerable part of its sub- 
stance. The expelled material continues 
to move ever outward. The Crab nebula, 
for instance, is believed to have originated 
in the outburst of a supernova in A.D. 
1054, then looking like a star brighter 
than Jupiter to astonished observers in 
the Far East. 

As planetaries expand, they become 
more and more tenuous until they grad- 
ually disappear in the vastness of inter- 
stellar space. The Veil or Network nebula 
in Cygnus, so well shown in the center 
spread of the January, 1957, Sky AND 
TELESCOPE, is disintegrating and approach- 
ing oblivion, though the original shape is 
still detectable. This filamentary object 
probably resulted from an explosion tak- 
ing place over 100,000 years ago. 

An amateur observing planetaries can- 
not expect to spy the details visible in 
photographs. After seeing the dark cen- 
ter of the Ring and, under very excep- 


The Crab nebula in 
Taurus is the expanding 
debris of a star that 
blew up about 900 years 
ago. This Mount Wil- 
son and Palomar Ob- 
servatories photograph 
was taken by W. Baade 
with the 100-inch tele- 
scope. Other pictures by 
him, in red light, show 
a remarkable network 
of bright filaments, un- 
recognizable visually. 


tional conditions, suggestions of eyes in 
the Owl, he must be satisfied with mere 
outlines. Moreover, the hunt for these 
nebulae often is exasperating, because 
the specimens seem to tantalize observers, 
so that a half hour’s search may be needed 
to find a particular planetary. Even if 
the telescope has setting circles, patience 
and perseverance may be required. Like 
Wordsworth’s Lucy, planetaries dwell 
“among the untrodden ways” and are 
marvels for ‘‘very few to love.” Because 
of this elusiveness, when a_ particular 
planetary has once been found the ama- 
teur should plot a path among the stars to 
help him find it more quickly the next 
time. 

Except for the “Major Four” — the 
Dumbbell, Ring, Crab, and Owl — plane- 


Compare this photograph of the Dumbbell in Vulpecula with Trouvelot’s draw- 
ing on page 214. This is a 30-minute exposure with the Naval Observatory’s 
40-inch reflector at Flagstaff, Arizona, in September, 1956. U.S. Navy photo. 
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Intricate internal structure in the giant planetary NGC 7293 is shown by this 
photograph Baade took in red light with the 200-inch telescope. Note the very 
faint central star. Mount Wilson and Palomar Observatories photograph. 


taries test not only the skill of the ob 
server but the reach of his instrument. 
The “Minor Five” are the next least difh 
cult and consist of objects in Aquarius, 
Perseus, Puppis, and Hydra. 

The Helical nebula in Aquarius (NGC 
7293) can be seen with a 43-inch reflector 
if it is viewed in a clear, dark, country 
sky. ‘Though this is the largest planetary, 
with a diameter half that of the full 
moon, its faintness may hide it from sight, 
even in a 12-inch, if the air is misty or if 


city lights interfere. 
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\nother member of this group is the 
“Little Dumbbell,” M76 in Perseus, some- 
what resembling a cork. It can best be 
found by starting from Phi Persei. ‘This 
star and a dimmer one close by form a 
pointer, with ¢ at the head, that directs 
the observer to a diamond of faint stars, 
within which M76 is dimly perceptible. 

he minor group includes NGC 2438, 
easy to find near the edge of the rich 
galactic cluster M46, in northern Puppis. 
South of this rather indistinct planetary 
is another, NGC 2440 (labeled 64' in Nor- 


The author has pre- 
pared these charts to 
aid in finding some of 
the planetaries he de- 
scribes. There are two 


J" o€ scales in eac h case: the 
ve o|4 broad configurations of 
@MT2 the constellations and 


the smaller fields of bin- 

oculars or telescopes. At 
o8 the left, in the Aquar- 
ius-Capricornus region, 
NGC 7009 and 7293 are 
marked, together with 
the places of three 
globular clusters, M2, 
M30, and M72. The 
right-hand map, of a 
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o¢ NGC 6210 and the fa- 
bright globular 
cluster M13. 
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ton’s Star Atlas), hard to find even in an 
8-inch telescope, as there are no distinc- 
tive configurations of bright stars nearby. 

The Minor Five list is completed by 
NGC 3242 or 27' in Hydra, looking like 
a bluish ege. Start from the orange star 
Mu Hydrae, and move south along a 
winding starry trail until you arrive at a 
small triangle formed by two dim stars 
and the planetary itself. 

Owners of 6-inch telescopes or smaller 
probably will not be able to go much 
farther in the pursuit of planetaries. The 
“Four Midgets” — in Cygnus, Draco, 
Andromeda, and Aquarius — require an 
8-inch or larger, though with a very clear 
sky a 6-inch will show the last two: NGC 
7662 and 7009. 

Beyond the end of the western arm of 
the Northern Cross, near Theta Cygni, is 
the small gray spot NGC 6826. On a 
chart this nebula is just cast of 9, but 
seems far when finally spied 
among the many faint stars in this region. 

\nother midget, NGC 6543, is between 
Zeta and Delta Draconis, just south of 
Draco’s coil formed by Psi, Phi, and Chi. 
This blue spheroid, like a snail in photo- 
graphs, won fame in 1864, when William 
Huggins’ spectroscope proved it was a 
luminous body of rarefied gas. 

Looking like a light blue snowball, 
NGC 7662 lies west of Andromeda’s hand, 
outlined by Psi, Kappa, Lambda, and 
Jota. ‘The planetary is between the hand 
On_ photo 


from. it 


and Omicron Andromedae. 
graphs, this nebula bears a fanciful re- 
semblance to a lily. 

The Saturn nebula, NGC 7009 (1'), is 
above the back of Capricornus. A key to 
its position is the curved line of the stars 
Epsilon, Mu, 7, and Nu in \quarius. This 
object, slightly resembling the planet Sat- 
urn, but not in amateur telescopes, lies 
1} degrees west of Nu. A successful search 
for it gives what a famous New York 
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Left: A picture of NGC 7009, in Aquarius, taken with the 60-inch Mount Wilson telescope, suggests why this object is popu- 
larly called the Saturn nebula. Right: Two views of NGC 2392 in Gemini, photographed in green and red light, respectively, 
with the 200-inch telescope. Mount Wilson and Palomar Observatories photographs. 


cartoonist used to call “that grand and 
elorious feeling.” 

After the Midgets come the following 
1] ‘‘Minikins”: 

NGC 1501 (53'), Camelopardalis. A 
faint gray spot in amateur telescopes, but 
on photographs somewhat like a flower. 
\lso look 14 degrees south for the delicate 
“Golden Harp” cluster, NGC 1502. 

NGC 1535 (26'), Eridanus. Four de- 
erees east of the orange star Gamma 
Eridani, which makes a useful point of 
departure. 


These 


thor’s 


FINDING LIST OF PLANETARIES 


NGC R.A. (1950) Dec. Size 
h m : ‘ 

650-51 01 38.8 Pot 19 Yo7 x 87 
1501 04 02.6 +60 47 56 x 18 
1535 04 12.1 F232 20 x 17 
1952 OS 31-5 +21 59 360 xX 240 
2022 05 39.3 +09 03 28 > Zi 
2371-72 Of 22:4 +29 35 54 x 35 
2392 07 26.2 +21 Ol 47 x 45 
2438 07 39.6 14 36 68 
2440 07 39.9 18 05 54 0 
3242 10 22.4 [& 23 40 » 35 
3587 1} 32:0 +55 18 203 xX 199 
1361 12: Zag 18 29 81 
6210 16 42.5 23 53 20 13 
6369 Ld 26:3 23 44 28 
6543 17 58.8 +66 38 22 
6572 8 09.7 + 06 50 16 13 
6720 8 51.7 + 32 58 83 =x 59 
6781 19 16.0 +06 26 106 
6818 19 41.1 14 17 Ze 
6826 19 43.4 +50 24 27 x 24 
6853 19 57.4 +22 35 480 x 240 
7009 21 01.4 11 34 44 26 
7293 22, 27.0 21 06 900 720 
7662 2a 230 +42 14 ge > 28 

M76 is NGC 650-51; the Crab, 1952: 


Owl, 3587; Ring, 6572; and Dumbbell, 


6853. 


two drawings of 
planetaries were made by 
Heber D. Curtis from pho- 
tographs taken at Lick Ob- 
servatory early in this cen- 
tury. On the left is NGC 
6543, with 
snail’s, and on the right 
NGC 4361, one of the au- 
Minikins, of very 
low surface brightness. 


NGC 2022 (34'), Orion. Near the head 
of the Giant, west of Betelgeuse. 

NGC 2371-72, Gemini. A very faint 
double planetary, making a triangle with 
Castor and Pollux, and west of them. 

NGC 2392 (45'), Gemini. Close to Delta 
Geminorum; relatively bright, with a 
disk about as large as Jupiter’s. 

NGC 4361 (65), Corvus. Inside the 
quadrilateral of the Crow, and forming 
an isosceles triangle with Gamma and 
Delta Corvi. 

NGC 6210 (35), Hercules. A small 
bright disk, between Delta and Beta 
Herculis, but nearer the latter. 


coils like a 





NGC 6369 (11*), Ophiuchus. Near 
Theta and the center of our galaxy. De- 
scribed by R. C. Richard, Santa Barbara, 
California, as faint, grayish, and roundish. 

NGC 6572 (6), Ophiuchus. Fairly 
bright but very small; located south and 
east of the stars 71 and 72 Ophiuchi. 

NGC 6781, Aquila. Forms a right tri- 
angle with Mu and Delta Aquilae, in the 
heart of the Eagle. Very hard to find, 
because it is faint and isolated. 

NGC 6818 (51*), Sagittarius. East of 
the “Mantle,” the curving line of stars 
made by Xi, Omicron, Pi, Rho, and Up- 
silon Sagittarii. (It is also situated near 
the faint dwarf system NGC 6822, a mem- 
ber of the local group of galaxies.) Be- 
vond the reach of a 6-inch even in clear 
mountain air, but easy with a 12-inch. 

If you will look doggedly until you 
have been able to bring in most of the 
planetaries listed here, you will have 
new reason for counting yourself among 
those whom the French astronomer Ca- 
mille Flammarion called “citizens of 
heaven.” 
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The author’s finding charts for the planetaries NGC 6572 and 6818, in Ophi- 
uchus and Sagittarius, respectively. IC 4665, IC 4756, and NGC 6633 are large, 
bright star clusters; NGC 6822 is a dim galaxy. 
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JOHN A. ANDERSON DIES 


The man who supervised the grinding 
and polishing of the 200-inch mirror fon 
the Hale telescope at Palomar Observa 
tory passed away last December 3rd at 
\ltadena, California. John A. Anderson 
was 83 years of ave. 

His first astronomical work was as a 
member of the U. S. Naval Observatory’s 
eclipse expedition to Spain in 1905. Dy. 
Anderson joined the Mount Wilson Ob 
servatory staff in 1916, and for 15 years 
was chief optical worker for that institu 
tion. From 1928 to 1948 he was executive 
officer of the California Institute of ‘Tech 
nology’s observatory council. 

Dr. Anderson organized the optical 
work on the 200-inch in the Caltech 
shops, and he supervised five years of 
seeing tests on Palomar Mountain before 
final selection of that site. In January, 
1948, when the initial visual and photo 
graphic tests of the huge reflector were 
made, Dr. Anderson was the first person 
to observe the image formed by the 
primary mirror. 

He was famed as a successful maker of 
precision diffraction gratings for spectro 
scopes. He was also interested in earth- 
quakes and the construction of seis 


mometers 


POLARIS AND THE POLI 


(As the north celestial pole describes 
its giant circle of precession in the sky, 
requiring 25,800 years for one revolution, 


when will it pass nearest to the North 
Star, Polaris, and how close? The method 








NEWS NOTES 


for computing this and the best obtain- 
able current are given by 
Brown University astronomers Charles H. 
Smiley and Abdul Majid Khan in the 
December, 1959, issue of the Journal of 
the Royal Astronomical Society of Canada. 

They find the mean polar distance of 
Polaris will be least in the year 2102, but 
its value then of 0° 27’ 317.50 differs 
from those for the preceding and follow- 


prediction 


ing years by only a few hundredths of a 
second of arc. Well before that time, 
improved values of the precessional con 
stants should permit a more precise de 
termination of the date and distance of 
the closest approach. 

Ihe article also contains charts of the 
paths of both the north and south ce 
lestial poles, from which it may be seen 
that our next north pole star will be 
Gamma Cephei, about A.p. 4145, then 
Alpha Cephei, about 7530. ‘The south 
pole, which has no bright pole star now, 
will have Omega, Upsilon, and _ Iota 
Carinae, and Delta Velorum, in the years 
5770, 6850, 8075, and 9240, respectively. 


The last is a 2nd-magnitude star. 


SI-INCH MIRROR BLANK 
BEING GROUND IN: TUCSON 
Optical processing is now under way 
on the Kitt Peak 84-inch mirror blank at 
the National Observatory’s shop in ‘Tuc- 
son, Arizona, where grinding and _polish- 
ing will take about two years. 
Final precision figuring, involving re- 
moval of a few millionths of an inch of 
glass, will be undertaken after the mirro1 


Dr. Aden B. Meinel, director of the National Observatory at Kitt Peak, Arizona, 
inspects the glass blank for the mirror of the 84-inch reflector. Note the weight- 
saving honeycombing of the under part of the pyrex disk. 
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Shortly prior to its completion, the 
building for the 36-inch Kitt Peak 
reflector was photographed by Don- 
ald J. Strittmatter, of Tucson, Arizona. 


has been temporarily installed in the tele- 
scope atop Kitt Peak and tested on a star. 
The figuring is expected to take another 
year, according to A. B. Meinel, the ob- 
servatory director. 

Pouring of the 4,000-pound honey- 
combed pyrex glass disk was described 
on page 318 of the April, 1959, Sky AND 
PreLescopr. Seven months were required 
in the annealing oven, where its tempera- 
ture was gradually reduced, and last fall 
Corning Glass Works shipped the blank 
from New York to Arizona by railroad in 
a special felt-lined crate. 

Meanwhile, work is essentially complete 
on the 36-inch reflector of the National 
Observatory. Installation of the telescope 
in its building was scheduled for January, 
and the auxiliary buildings were to be 
finished at about the same time. 


A RAPIDLY VARYING STAR 

\ 9th-magnitude star in Canis Minor is 
the latest addition to the brief but im- 
portant list of intrinsic variable stars with 
very short periods. ‘They undergo rhyth- 
mic changes in brightness like those of 
RR Lyrae, but with periods as short as 
1} to four hours. 

Hitherto this object, AD Canis Minoris, 
had been supposed to be an eclipsing 
variable of the Algol type, with a period 
of 1.276 days. Therefore, at Leuschner 
Observatory in Berkeley, California, k. 
D. Abhyankar had included the star in 
a list of eclipsing systems to be observed 
photoelectrically with the 20-inch reflec- 
tor. His purpose was to obtain a com- 
plete light curve from which the elements 
of the binary system could be computed. 

To his surprise, AD Canis Minoris 
showed a continuous light variation in a 
period of only two hours, 57.1 minutes, 
with the rise from least to greatest bright- 











IN THE CURRENT JOURNALS 


THE PROBLEM OF LIFE IN THE 
UNIVERSE AND THE MODE OF 
STAR FORMATION, by Su-Shu 


Huang, Publications, Astronomical So 


ciety of the Pacific, October, 1959. 
‘Therefore it is reasonable to believe 
that from the masses of the fainter 


components of binary stars to those of 
planets there exists a Continuous range 
without any sharp demarcation. Since 
binaries are so numerous in the Galaxy, 
comprising more than half of the stel- 
lar population, we would naturally ex 
that systems are not 


pect planetary 


rare.” 


OF THE 
Bart J. Bok, Screntific 
cember, 1959. ‘The 


the problem of spiral structure will 


ARMS GALAXY, by 


American, De- 


LHI 


final solution to 
probably come from coordinated op- 
tical and radio studies of our galaxy, 
where detailed the 
over-all pattern, and of nearby spiral 


features obscure 


galaxies, where the pattern is clearly 
visible in al] its majesty.” 


ness taking about half this long. In 
addition, G. Wallerstein made spectro 
graphic observations with the 60-inch 


that 


changed 


Mount Wilson” reflector, showing 
the spectrum of the 


from type FO at maximum light to F3 at 


variable 
minimum a behavior typical of pul- 
sating stars with very short periods. 

The range 1S 
tively small, from 9.08 to 9.38. This vari 
50™.2, +1° 44; 
10’ south of the 
Minoris. 


visual magnitude rela 
able’s 1950 position is 7’ 
east and 
jth-magnitude star Zeta 
Dr. Abhyankar has reported his observa- 
detail in the 1959. 
Istrophysical Journal. 


it is only 1™.1 
Canis 
tions in November, 


issue of the 


DEATH OF P. P. PARENAGO 


\ world-famous variable 


Pavel P. 


Parenago, died on January 6th at the age 


authority on 


stars and = galactic structure, 


of 53. He had been professor of stellar 
University for 26 
Academy 


astronomy at Moscow 
vears, and was a member of the 
of Sciences of the U.S.S.R. 
\bout 
one of the 


Soviet 


1930, Parenago became 


the 


the veai 
leaders) in group. of 


vounger astronomers who began 


such intensive observations of variable 
stars that the world center of research in 
that subject eventually shifted from Ger- 
the States to Russia. 
He was a co-editor of the journal Variable 
the 
Variable 


14.708 entries. 


many and United 


monumental General 


Stars, 


Stars, and of 


Catalogue of whose 1958 
edition contained 
Among the 


nago’s publications was his 1954 mono- 


most important of Pare- 
graph on the Orion nebula and the stars 
within it. 
formed Vol. 25 of the Publications of the 
Institute 


This was a 547-page work that 


Sternberg State Astronomical 





The beautiful corona surrounding the totally eclipsed sun last October 2nd, 
photographed by Fritz Laudenklos, of Cologne, West Germany, who observed 
in the Canary Islands. He used a 2]-cm. £/4.5 Tessar lens, one-second exposure. 


German Amateurs View Eclipse 


EDGAR MADLOW. German Amateui 


| Higa R the name Operation Canari 

the German Amateur Astronomers 
\ssociation sent an expedition to the 
Canary Islands to observe the total solat 
2, 1959. It was 


second undertaking of this sort, the 


our 
first 
being a successful journey to Sweden for 
the June 30, 1954, I here 
4 participants, from both West and East 


eclipse of October 


eclipse. Were 


being amateurs with the 
Mrs. M. Madlow of the 
Potsdam Astrophysical Observatory. 


Germany, all 
exception of 


lo improve the chances of success, the 
expedition occupied two s parate stations 
in the 


Canaries. I wentv-three of us set 


Nine members of the 
expedition set up their 
quadruple camera at 
Morro de Jable, but 
weather conditions pre- 
vented viewing the co- 
rona from this location. 
The canopy in this pho- 
tograph by the author 
also serves as a wind- 
screen for the observing 
instruments. 


Astronomers Association 
up our instruments on a former fortifi- 
cation 50 meters above the citv of Las 


The 


chose the fishing village of Morro de Jable 


Palmas on Gran Canaria other nine 


in southwestern Fuerteventura. about two 


kilometers east of the 


\merican expedi- 
duration of 


The 
7 


seconds at Las Palmas. 


observing site 
totalitv was 123 
and 154 at Morro de Jable. 

Each 
ment a Zeiss quadruple camera of 63-mm 
focal length. We 


tion’s 


group had for its main instru 
iperture and 500-mm. 
planned to take photometrically calibrated 
photographs of the corona in three planes 
( 


£ polarization and in two spectral re- 
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The observing place of one of the German groups, on Guanarteme Battery 
at Las Palmas. Packing cases protect the larger instruments from the incessant 
trade winds. Photograph by A. Matuschek, St. Wendel, Saar. 


gions. ‘The other instruments, with focal 
lengths of 50 to 1,200 millimeters, served 
for direct photography, partly in color, 
and for motion pictures. ‘There were also 
wide-angle cameras with fields of 110 and 
180 degrees, for recording the appearance 
of the earth and sky during the course of 
the eclipse. 

On eclipse day, weather conditions were 
dominated by a cold front that was to 
cross the islands on the night of October 
2-3, accompanied by severe storms. Al- 
ready on the Ist high clouds had gathered, 
giving rise to a solar halo; on the 2nd we 
had an almost unbroken deck of low 
clouds, with occasional rain showers. At 
this time the chances of observing the 
eclipse at the two stations had sunk from 
80 to five per cent. 

During the eclipse the corona could 
not be seen at Morro de Jable; only the 
intense red of the chromosphere could 
penetrate the thinner spots in the clouds 
for a few moments. But the Las Palmas 
observers had almost incredible luck, for 
during precisely the interval of totality 
a break appeared in the clouds, and 
through it the eclipsed sun could be seen 
practically unhindered. For 110 of the 
123 seconds the view was entirely clear. 

This time was well used. Altogether 
46 photographs of the corona and promi- 
nences were obtained, 18 of them in color. 
The motion pictures were unfortunately 
spoiled; we had only one movie camera 
at Las Palmas, and by mischance the same 
film was exposed twice. Nevertheless, six 
different color sequences of the landscape 
were secured, out of 19 exposures during 
totality. 

Our expedition was accompanied by a 
German television camera group which 
set up at Cruz de Tejeda, at an elevation 
of 1,200 meters in the interior of Gran 


Canaria. Although there the clouds were 
more troublesome than at Las Palmas, 
they took successful movies of the corona, 
with focal lengths of 150 and 300 milli- 
meters. The film was flown to Hamburg 
and telecast from there to the German 
public, on whom the beautiful corona 
made a great impression. 


EDITOR’S NOTE: Three Americans from 
Nashville, Tennessee, also saw the eclipse at 
Las Palmas. Carl K. Seyfert, director of Dyer 
Observatory, with Mr. and Mrs. Dan May, 
was at the Jesuit college, taking successful 
16-mm. color motion pictures of the total 
phase, using a 6-inch telephoto lens. The 
film was shown by Dr. Seyfert at the Cleve- 
land meeting of the American Astronomical 
Society last December 29th. 


IONS... 


MAIL BAG 


Vis 


FROM THE S+ 1 


Q. What is a PZT? 
A. The initials stand for “photograph- 
ic zenith tube,” a stationary telescope that 
always points directly overhead, and _ re- 
cords photographically the passage of 
faint stars across the meridian for ac- 
curate determinations of time and _ lati- 
tude. 

Q. What is Stéphan’s quintet? 

A. It is a compact group of five faint 
galaxies in northern Pegasus, which has 
attracted much attention by astronomers. 
The group was discovered by H. Stéphan, 
who late in the 19th century searched 
visually for new nebulae with the 313- 
inch reflector of Marseilles Observatory, 
in France. 


Q. What is meant by the star designa- 
tions 80 B Psc and 136G Psc, as in the 
December issue’s Occultation Supplement? 

A. These are stars in Pisces, bearing 
numbers assigned to them in the atlases 
of J. E. Bode (1801) and B. A. Gould 
(1879), respectively. Bode or Gould num- 
bers are sometimes used for naked-eye 
stars lacking the more familiar Flamsteed 
numbers. 61 Cygni is an example of a 
Flamsteed number. 


Q. Why are comets sometimes named 
by letters and sometimes by Roman 
numerals? 

A. Newly found comets are assigned 
letters in the order of their discovery dur- 
ing a year; later, permanent number 
designations are given them to indicate 
the order in which the comets passed 
through perihelion. Thus the comet 
provisionally called 1955e is now listed 
as 1955 III. W.E.S. 





AN AMATEUR’S NIGHT OUT 
(Continued from page 199) 


of an exploding star, and that here, just 
where he has it pinned down, the Chinese 
in A.D. “guest’”’ star, a super- 
nova whose wreckage has been spreading 
ever since. 

Without watch or calendar the ama- 
teur can tell the time of night and the 
season of the year, by the steady-moving 
starry sphere above him. The sameness is 
never wearisome; there are timeless gran- 
deur and eternal security in that wheeling 
procession. The Whirlpool galaxy he 
picks up in his 6-inch scope is perhaps 
four million light-years away. So, what 
time is it, anyway? Now? Tonight? Or 
four million years ago? 

Early one evening Mars may be near 
the meridian and Venus low in the south- 
west sunset. At another time it will be 
Jupiter with its four pinpoint moons. The 
steady sky is not still or stolid; it is alive 
and moving all around the observer. 


1054 saw a 
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Even though he may sometimes deliber- 
ately wait until the early morning hours 
for a predicted meteor shower, it will be 
a rare night when the amateur does not 
see at least one sporadic “shooting star” 
cross his field, even as he peers at some- 
thing else. There can be occasionally the 
sweep of a comet, but most comets are 
well publicized and belong to anybody. 
Less newsworthy, but a prize for the ob- 
server, are the quick occultations when 
the moon blots out a star or planet. And 
there are always conjunctions of two or 
more planets, or of a planet and a Ist- 
magnitude star, or of the rising thin slip 
of a crescent moon and a planet. 

There can be northern lights, and, if 
the watcher is not mindful, those other 
lights — the gray and lime and lemon of 
sunrise — warning the stargazer that at 
last his wonderful, shining night out is 
over. 

MRS. JOSEPH E. STEVENS 
254 Rogers Ave. 
W. Springfield, Mass. 














GETTING ACQUAINTED WITH ASTRONOMY 


THE PLANETS — MERCURY — I 


CARCELY a third as large as the earth 

in diameter, Mercury moves around 
the sun at an average distance of only 
36 million miles. Seen from the earth, it 
is always near the sun in the sky, the 
angular separation amounting to 28 de- 
\s a result, the casual 
chance 


erees at the most. 
will 
Nevertheless, its 


sky viewer seldom 
Mercury. 


amateur 


upon 
reputation 
among astronomers aS an Clu- 
sive object is undeserved. 

Actually, the planet is readily seen with 
the naked eye at or near the times of 
(maximum angular 
distance from the Ordinarily, for 
a week or two Mercury can be viewed in 
the twilight, glittering like a star of the 
Ist magnitude. 

Almanacs and the Celestial Calendar 
of this magazine give the elongation dates, 
no means 


greatest elongation 
sun). 


but such occasions are by 
equally favorable. ‘The Graphic 
Table of the Heavens, printed in Sky 
AND TELESCOPE each January, shows the 
rising and setting of Mercury in relation 
to sunrise and sunset, indicating which 
clongations provide the most advanta- 


Time 


geous periods for seeing the planet in a 
fairly dark sky. 

\s an inferior planet — moving around 
the sun in an orbit inside the earth’s — 
Mercury presents a cycle of phases similat 
to the moon’s, from full to new to full 
again. Its synodic period is the interval 
required for one complete phase cycle 
and averages 116 days, nearly a month 
longer than the planet takes to revolve 
around the sun. 

Let us trace the behavior of 
period, taking for ex- 
with the 


Mercury 
over a synodic 
ample the 
superior conjunction of the planet and 
the sun on January 26, 1960. At that 


one beginning 


time Mercury is on the other side of its 
orbit from us, beyond the sun, and so 
close to it in the sky that the planet can- 
not be seen, even though its phase is 
full. 

Then, during the early days of Febru- 
ary, the planet gradually moves ahead of 
the sun to the east, setting about an 
hour after it by the middle of the month. 
During this time, Mercury’s phase is 
gibbous and it is very bright, of apparent 
magnitude —1.1. On February 24th, the 
planet attains greatest eastern elongation, 
18 degrees east of the sun, and is visible 
in the evening sky until the end of 
twilight. It is a magnitude fainter, how- 
ever, and fading rather rapidly. ‘Tele- 
scopically, its disk is half illuminated, like 
a tiny first-quarter moon, and thereafter 
it is a waning crescent. 

Mercury continues to move eastward 
among the stars until March Ist, when it 
is stationary before turning westward. As 
the sun itself is continuing its apparent 
eastward movement, the two objects ap- 
proach each other very quickly, and by 
March 10th Mercury is at inferior con- 
junction. At that time it passes between 
the sun and the earth, appearing as a 
very slender crescent. For because of the 
tilt of its orbit to the earth’s, Mercury 
does not cross the sun’s disk, passing to 
the north of it instead. 

After inferior conjunction, the planet 
is west of the sun, a waxing crescent in 
the morning sky. It is again stationary 
on March 23rd, when its apparent motion 
changes from westward to eastward. Then, 
on April 7th, Mercury reaches greatest 
western elongation, 28 degrees from the 
sun in the dawn sky, and near last-quarter 
phase. Afterward, the planet’s phase is 
gibbous, like the moon _ between last 
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The planet Mercury, photographed 
with the 24-inch refractor of Lowell 
Observatory, Flagstaff, Arizona. The 
planet’s phase here is gibbous: be- 
tween half illuminated and full. The 
surface markings of Mercury ae deli- 
cate dusky streaks that offer little 
contrast to the reddish disk. Lowell 
Observatory photograph. 


quarter and full, and by May 17th su- 
perior conjunction is again attained, on 
the far side of the sun, completing the 
synodic period that began on January 
26th. 

It will be noted from this schedule that 
the greatest elongation distance varies 
considerably. The actual range, 18 to 28 
degrees from the sun, is due primarily to 
the markedly elliptical shape of Mercury’s 
orbit around the sun, the separation of 
the two bodies ranging from 29 to 43 
million miles. 

(To be continued) 





Mercury’s apparent size and phases as seen from the 
G earth are shown above. Position 1 is inferior conjunc- 
tion; 2 is western elongation (morning sky); 3 is superior 
conjunction; 4 is eastern elongation (evening sky). At 
the left are sketched the relative positions of Mercury 
and the earth in a synodic cycle, the two orbits being 
assumed circular. A and G correspond to 3 above, B 
to 4, D to 1, and F to 2. C and E are stationary points, 
at which Mercury changes its apparent direction of mo- 
tion in the sky. The diagram at the left is adapted from 
Camille Flammarion’s book, “Astronomie Populaire.” 
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OBSERVING THE SATELLITES 


Proyecr Ecuo 


NEW SERIES of bright artificial 
A satellites, to be readily visible to the 
unaided eye from nearly every part of the 
world, has recently been announced by 
the National Aeronautics and Space Ad 
ministration. In the first Project Echo 
launching, now planned for early spring 
from Cape Canaveral, a 100-foot inflatable 
balloon will be shot into a high-inclina 
tion, high-altitude orbit. 

Che primary purpose of the aluminized 
plastic sphere is to Serve as a passive radio 
communications link over ranges of thou 
sands of miles; it may also yield info 
mation about rapid local variations in 
atmospheric density. 

Ihe spring Project Echo shot will be 
the first application of a new launching 
vehicle known as Delta, which has been 
under intensive development for many 
months. ‘Pwo other inflatable spheres are 
planned for the Echo series, and many 
additional experiments are to be carried 
aloft by Delta vehicles. 

The large spherical balloon is made ol 
0.0005-inch-thick Mylar plastic that has 
been aluminized in a vacuum to provide 
good reflectivity for radio waves 98 per 
cent at frequen ies up to 4,000 megacycles 
per second. Weighing about 150 pounds, 
it will be folded inside a container 28 
inches in diameter. When orbital velocity 
is attained, this container is to be opened 
by explosive bolts, and the residual air 
inside the balloon will begin to inflate it. 
Evaporation of only about two quarts olf 
water in a plastic bag within the sphere 
will complete the inflation, this amount 


sufficing because the satellite will be orbit 


ing in a region where the atmospheric 
density is of the order of only 10 gram 
per cubic centimeter. 

Successful tests of the inflation svstem 
were made on October 28, 1959, when a 
100-foot sphere was shot aloft from Wal 
lops Island, Virginia, but no attempt was 
made to place the sphere in orbit. Earlier 
efforts to send up 12-foot balloon satellites 
were failures. 

Because of the danger that a meteorite 
may puncture the 100-foot bag, it will 
probably carry a readily sublimed solid 
to provide make-up gas. In this way, the 
balloon would remain spherical for per- 
haps a week after such a puncture. 

Present plans call for an orbit inclined 
about 50 degrees to the plane of the 
earth’s equator, and with a period of two 
hours. At its height of over 1,000 miles, 
the satellite will be simultaneously within 
line-of-sight range of two experimental 
radio stations on the cast and west coasts 
of the United States. In California the 
Goldstone tracking station is to transmit 
2,390-megacycle signals, and in New Jer- 
sey a Bell Pelephone Laboratory trans- 
mitter will be operating at 960 megacycles. 
Lhe transmissions from each station will 
be reflected from the balloon and received 
by antennas at the other site. 

Phis radio experiment is of great prac 
tical importance. The present frequencies 
suitable for global radio communications 
are almost saturated with trafhic. Use of 
higher frequencies would give not only 
additional channels, but each of these 
could carry more information. The great 
difficulty has been that high frequencies 
are not reflected by the ionosphere and 
can be received only over straight-line 





This 28-inch package contains the uninflated 100-foot sphere seen in the upper- 
right picture. After release in space, the balloon will be inflated with air 


and water vapor. 


National Aeronautics and Space Administration photos. 
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The Project Echo balloon is made of 
a very thin plastic film. A make-up 
gas system will be retained inside the 
satellite to keep it inflated despite 
possible meteorite punctures or leak- 
age through the skin. The fully in- 
flated sphere is pictured opposite. 


paths, not around the curve of the earth. 
One proposal for a communications relay 
is a satellite 24,000 miles above the equa- 
tor that would remain stationary rela- 
tive to the earth’s surface beneath it. The 
savings from its use would more than pay 
for the cost of putting it aloft. Several 
other plans are also being considered. 
The great expected brightness of the 
aluminized balloon should make it a par- 
ticularly interesting object for optical sat- 
ellite trackers, and for others who enjoyed 
watching the bright satellites of a year 
and more ago. When fully inflated, it 
may slightly outshine Vega, our fifth 
brightest star, and whenever it is fully 
outside the earth’s shadow, it will be at 














= 








For ground tests some 40,000 pounds of gas are required to inflate the plastic sphere, but in orbit on'y a few pounds will 
be needed. The exterior surface is coated with aluminum. NASA photograph. 


least a match for stars of magnitude +3.3 
in the same part of the sky. 

For a smooth sphere whose size and 
reflectivity are specified, the brightness 
of specularly reflected sunlight depends 
only on the observer's distance. For a 
sphere of 100-foot diameter and 90-per- 
cent reflectivity, the apparent magnitude is 


m= —15.0+ 5 log d, 


where d is the distance in miles. Hence 
at a distance of 1,000 miles the Echo bal 
loon should be magnitude 0.0; at 4,560 
miles (the longest line-of-sight distance 
possible to a two-hour satellite) the mag- 
nitude is +3.3, apart from dimming 
caused by atmospheric extinction. Visual 
observers, therefore, will hardly need op 
tical aids, except in determining accurate 
positions of the satellite, for which regu- 
lar Moonwatch techniques should suffice. 

Photographs may be obtained wiih al- 
most any camera, and an [/3.5 lens of 
3-inch focal length should register the 
satellite even when it is faintest. With 
larger equipment, photographers can per- 
form a valuable service by taking timed 
exposures showing the disappearance or 
reappearance of the satellite from eclipse 
in the shadow of the earth. 

The relation 
orbit and the shadow depends upon the 
date and hour of launching, not yet an- 
However, consider a satellite 


between the satellite’s 


nounced. 
at a height of 1,040 miles, entering the 
earth’s shadow perpendicularly. It will 


take 10 seconds to traverse the penumbra 
and enter the umbra, not counting re- 
fraction. During the first nine seconds, 
the satellite would fade by only three 
magnitudes, but during the final second 
it would sharply dim into invisibility. 
The actual light curve will be greatly 
affected by refraction and extinction in 
the earth’s atmosphere, and suitable ob- 
servations of the phenomenon should be 
valuable for an understanding of these 
effects. “The writer will appreciate receiv- 
ing photographic negatives that record 
the satellite’s brightness while it is enter- 
ing or leaving the earth’s shadow. 


More Asout Exp.worer VII 


_ COLLECT all the information 
telemetered to earth by an. artificial 
satellite requires international co-opera- 
tion. The National Aeronautics and 
Space Administration has recently of- 
fered to send telemetry codes and instruc- 
tions to adequately equipped scientists 
around the world so that they can par- 
ticipate in the Explorer VII project. At 
present there are serious gaps in the chain 
of stations receiving the 20-megacycle 
signals from this satellite, which was 
launched last October 13th. Reports from 
the Soviet Union, China, central Africa, 
and the equatorial regions generally are 
especially needed. 

Nevertheless, existing monitoring  sta- 
tions have obtained a vast amount of 


data. By the end of 1959, over 300 miles 
of magnetic tape had been used to re- 
cord the information. The cost of tape 
alone came to $5,000 a month. Prelimi- 
nary analysis of these records has already 
yielded important results. 

Moving in an orbit inclined 50.3 de- 
grees to the equator, the satellite’s height 
currently ranges between 358 and 667 
miles. Hence this probe traverses both 
the outer Van Allen radiation belt at 
high latitudes and the lower part of the 
inner belt at equatorial latitudes. Radia- 
tion measurements by Explorer VII con- 
firm that the belts have a localized fine 
structure that varies with time. 

On several occasions between October 
l6th and 20th, the satellite detected 
bursts of cosmic radiation, of uncertain 
cause, which seemed to originate between 
the Van Allen belts, about 13,000 miles 
from the earth’s center. Probably these 
bursts were related to a geomagnetic 
storm that began on the 18th. 

Other interesting events recorded were 
sudden decreases in cosmic ray intensity, 
each followed by a gradual recovery ove 
several days. In one instance, the count- 
ing rate within Explorer VII dropped by 
about 60 per cent. While such decreases 
have been recorded at the earth’s surface, 
they are much smaller there, amounting 
to about nine per cent in that case. 

MARSHALL MELIN 
Research Station for Satellite Observation 
P. O. Box 4, Cambridge 38, Mass. 
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THIS MONTH’S PROGRAMS 

New York, N. Y.: Amateur Astronomers 
Association, 8 p.m., American Museum of 
Natural History. February 3, Dr. Theo- 
dore G. Mehlin, Williams College, ‘The 
Life Story of a Star.” 

New York, N. Y.: Junior Astronomy 
Club, 8 p.m., Waverly building, New York 
University. February 19, Dr. Bengt Strém- 
gren, Institute for Advanced Studies, “In- 
terstellar Matter.” 

Philadelphia, Pa.: Rittenhouse Astro- 
nomical Society, 8 p.m., Franklin Insti- 
tute. February 12, Dr. Frank B. Wood, 
Flower and Cook Observatory, “The 
Mount Stromlo Observatory and Southern 
Eclipsing Stars.” 

Pittsburgh, Pa.: Amateur Astronomers 
Association of Pittsburgh, 8:15 p.m., Buhl 


Planetarium. February 12, Dr. Joost de 


Amateur Astronomers 


Jonge, Allegheny Observatory, ‘Projects in 
Elementary Astronomy for the Amateur.” 

Washington, D. C.: National Capital 
Astronomers, 8:15 p.m., Commerce De- 
partment auditorium. February 6, Dr. 
Otto G. Franz, U. S. Naval Observatory, 
“Galactic Clusters and Stellar Evolution.” 


SOCIETY LISTING 

The April issue is tentatively scheduled 
to carry Here and There with Amateurs, 
the listing of all amateur groups that have 
registered with Sky AND TELESCOPE. Any 
changes in the previous listing, beginning 
on page 681 of the October, 1959, issue, 
should be sent to this magazine by Feb- 
ruary 15th. Clubs that were not included 
there and whose membership is open to 
the public should write for a registration 


blank. 


AN AMATEUR’S OBSERVATORY DOWN UNDER 


Y INTEREST in astronomy is only 

a few years old, yet I find it a most 
rewarding hobby. The observatory pic- 
tured here was originally built to house 
a 6-inch f/15 reflector, but I have since 
acquired a 10-inch f/4 Newtonian-Cas- 
segrainian, with Dall-Kirkham optics 
made by R. Uquhart of Sydney. I con- 
structed the telescope, which is motor 
driven in right ascension and declination, 
the electrical power being supplied by a 
12-volt battery. 

The observatory building is 13 feet 
in diameter, with side walls three feet 
high made of pressed hardboard sheeting 
lined with insulation. Felt carpeting 
covers the wooden floor. The reflector is 
mounted on a concrete pier sunk several 
feet into the ground. 

Six months of week-end work and about 
$310 were needed to complete the dome. 
It is made of a framework of 2-by-l-inch 
timbers, cut and curved to the proper 
radius and covered with light aluminum 





sheets. Joint laps were waterproofed 
with caulking compound. The slit open- 
ing is 18 inches wide and extends past the 
zenith. Three grooved roller-race wheels 
running on a_ brass track enable the 
dome to rotate. The dome is light 
enough to be lifted on or off by two 
people, yet it has withstood winds of over 
80 miles an hour. When not in use, it 
is anchored to the bottom wall with 
heavy clamps. 

The building is painted white outside, 
and very little overheating is noticed. 
Three louvered window ventilators in 
the wall can be opened for quicker tem- 
perature stabilization. 

I am a member of the Sydney Amateur 
Astronomical Society of Belfields and an 
associate member of the British Astro- 
nomical Society, Sydney. 

ALLAN C. MARKS 
17 Grove St. 
Guildford, N.S. W. 
Australia 
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This drawing by Frank Kettlewell of 
Saturn and its rings brightened a 
recent cover of the Eastbay Astro- 
nomical Society bulletin. Technically, 
the automobiles on the inner ring 
should be traveling in the same direc- 
tion as those on the outer one. 


SIOUX FALLS, SOUTH DAKOTA 

Nine amateurs have organized the 
Sioux Falls Amateur Astronomy Club. 
The secretary-treasurer is Dick Ness, 2305 
Carter Place, Sioux Falls, S. D. 


FARMINGDALE, NEW YORK 
Weekly meetings of the newly formed 
Mid-Island Amateur Astronomers are held 
on Wednesday at 8 p.m. Interested ama- 
teurs are invited to contact John Ruel, 

20 Yoakum Ave., Farmingdale, N. Y. 





HAMPTON, VIRGINIA 


There are 41 members in the newly 
formed Skywatchers Astronomy Club. Its 
president is Maxwell F. McNear, 123 
Glenwood Rd., Hampton, Va. 





Left: To keep out inclement weather, a skirt of heavy plastic material has been placed around the dome of this observa- 
tory in New South Wales, Australia. Right: A view inside the building. Both the right-ascension and declination circles 
on the 10-inch reflector have electric lights for easier reading. 
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Goto Optical is the oldest and largest 
maker of astronomical telescopes in 
Japan. Backed by our long experience 
and superior technical skill, we special- 
ize in large-sized telescopes for both 
amateurs and professionals. We have 
recently gone into production on our 
planetariums, for which inquiries and 
orders have been received from all 
corners of the world. 










EQUATORIAL 
TELESCOPE 


Objective 
Focal length — 3,000 millimeters 
Effective aperture — 200 millimeters 


Magnifications 
50x to 750x 


ASX Established in 1926, Japan's oldest and largest firm specializing in astronomical telescopes. 


Catalogues will be sent upon request. 


GOTO OPTICAL MEG. CO. caste sscces. 


1-115 Shimmachi, 


Setagaya-ku, 


GOTOPTIC TOKYO 
Tokyo, Japan 
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MASTERPIECES 


4 


You'll find these 
fully professional features 
in every Custom DYNASCOPE®! 


@ Exquisite optical systems, fully 
achromatic and corrected to meet the 
most critical research standards. 


@ Massive equatorial mounts that 
provide exceptional stability and em- 
body the latest mechanical refine- 
ments for ease of operation. 


@ Full sets of matched orthoscopic 
and achromatic eyepieces with wide 
flat fields sharp to extreme edges. 


@ Needle bearings carefully fitted on 
substantial shafts to assure move- 
ments 8o fine that they equal the ease 
and precision of a fine watch. 


@ Lifetime materials throughout, for 
atmospheric resistance and dimen- 
sional stability. 


@ Fully rotating tubes, with counter- 
poise to provide perfect balance dur- 
ing rotation. 


@ Rotary secondary supports to min- 
imize diffraction. 


@ Exclusive Dyna-mesh rack and 
pinion focus for smoother, more ac- 
curate focusing action. 


@ Two-way pier tripods (Pat. Pend- 
ing) in 6-inch and 8-inch models, 45- 
pound pier can be mounted perma- 
nently. Portable tripod is instantly 
removable for field trips. 


@ Highly accurate electric drives, 
free from backlash, with fully com- 
pensating clutch. 


@ 8x50 coated achromatic finder- 
scopes with crosshairs and extra- 
large 6° fields. 


@ 7”-diameter setting circles spoked 
for easy setting. Graduated with ver- 
niers. 


@ Fully adjustable to all latitudes. 
























This Deluxe 6-inch model 


its massive 45 lb. pier 
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CUST 


in your choice of 
6”-8”-10’’-12”-16” models 


Every Custom DYNASCOPE -— from 6” to 16” — is designed and 
built to meet such high standards and exacting specifications that it 
is the overwhelming choice of schools, colleges, universities, and 
many well-known professional astronomers. Each of these magnif- 
icent instruments incorporates features that are years ahead in 
optical engineering, yet based on time-tested principles. Each is 
painstakingly produced and assembled by craftsmen who put careful 
workmanship before speed. Each is required to pass, flawlessly, a 
long series of rigid performance and operational tests. Nothing is 
overlooked to make sure that these superb telescopes are the finest 
in their class, regardless of price. Whichever size you select, we 
guarantee that it must measure up to this standard or your purchase 
price will be refunded in full. You can order with absolute confi- 
dence ...and with the exciting expectation of new thrills and new 
experience ahead. 

Ask About Our “‘Easy-To-Own’’ Payment Plan 


YOURS FREE: This Colorful Brochure 
Before you decide on any telescope, send today for this 
fascinating new booklet that gives you the full specifica- 
tions and prices of all Custom DYNASCOPES, plus helpful 
information to guide you in selecting your next telescope. 
A postcard will bring your copy FREE! 









6-INCH STANDARD D¥YNASCOPE ° 


$265 complete 


As Above But Without Electric Clock 
Drive, Setting Circles and Pier 
f.0.b. Hartford, Shipping Wt. 80 Ibs. 


6-INCH DELUXE DYNASCOPE° 


$475 complete t.o.b. hartford, shipping Wt. 150 Ibs. 





has removable tripod inside 
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DYNASCOPES 












CRITERION Manufacturing Co. - MANUFACTURERS OF QUALITY OPTICAL INSTRUMENTS 


Dept. D-34, 331 Church St., Hartford 1, Connecticut 
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OBSERVER’S PAGE 


Universal time (UT) is used unless otherwise noted. 


OBSERVING PROGRAMS FOR THE LUNAR ECLIPSE IN MARCH 


HIS YEAR three eclipses will offer 
interesting observing opportunities in 
the United States. There is a total eclipse 
of the moon on the night of March 
12-13, another on the morning of Sep- 
tember 5th, and a partial solar eclipse on 


the afternoon of September 20th. The 
first of these events is visible over the 
entire country, but the others will be 


unobservable from portions of the east- 
ern states. 

The passage of the moon through the 
earth’s shadow takes place under favor- 
able circumstances on March 12-13. For 
most of the Western Hemisphere, the 
entire sequence of events will be visible, 
from the first entry of the moon into the 
penumbra, through the partial stages and 
totality, until our satellite is once more 
entirely unobscured. Watchers who keep 
an all-night vigil will welcome the fact 
that the eclipse occurs on a Saturday 
night, and at a season when relatively 
comfortable observing temperatures can 
again be expected. 

In the following timetable, adapted 
from the American Ephemeris, Central 
standard time (CST) is used. To con- 
vert to EST, add one hour; to obtain 
MST, subtract one hour; for PST, sub- 
tract two hours. 

11:34 p.m. 
12:38 a.m. 

1:41 a.m. 
2:28 a.m. 
3:16 a.m. 


Moon enters penumbra 
Moon enters umbra 
Total eclipse begins 
Middle of the eclipse 
Total eclipse ends 


Moon leaves umbra 4:18 a.m. 
Moon leaves penumbra 5:22 aa. 


For most observers, the first visible in- 
dication that an eclipse is in progress 
will come shortly before the second of 
the listed times, when a duskiness of the 
eastern portion of the lunar disk be- 
comes evident. The outer, penumbral 
shadow of the earth produces no other 
appreciable effect. An imaginary specta- 
tor on the moon, if located at a point 
inside the penumbra, would see the sun 
only partly covered by the earth; if he is 
inside the central, umbral shadow, the 
sun would appear entirely covered. 

For this reason, the umbral shadow is 
very much darker, and during totality the 
moon shines with a faint reddish or sooty 
color, from sunlight that has been re- 
fracted and_ scattered the shadow 
cone by the earth’s atmosphere. 

As the diagram indicates, during the 
March eclipse the moon _ passes almost 
centrally through the earth’s shadow, so 
totality will have a longer-than-average 
duration of 95 minutes. As a general 
rule, during totality all smaller detail on 
the moon becomes unrecognizable, and 
only the main seas and large craters may 
be detected. However, the darkness is 
much greater near the center of the 
shadow. Also, the deepness of the shadow 
differs considerably from one eclipse to 
the next. The smaller the telescope used, 
the brighter the totally eclipsed moon 
will appear, and it seems brighter still to 
the unaided eye. 

Whether the amateur 
eclipse simply for pleasure, or to carry 
out a systematic program of observations, 


into 


watches the 
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OPPORTUNITY 
In Astronomical Journalism 


For a young man or woman, 
preferably with a physical science 
college degree (or equivalent), 
who wants to learn all aspects of 
editorial work, from the prepara- 
tion of scientific illustrations to 
the editing of technical articles. 

This stimulating work in con- 
genial surroundings is open to 
either an amateur or professional 
astronomer, with salary arranged. 


Write giving full particulars — 
Epiror, SKy AND TELESCOPE 


{9 Bay State Rd., Cambridge 38, Mass. 
Telephone: UNiversity 4-7360 











“See-thru” 


STAR MAPS 


Luminous stars printed on clear plastic 
make star identification easy by direct 
comparison of ‘‘See-thru’”” map and sky. 
Twelve maps systematically cover entire 
sky. All navigational stars included 
from the American Ephemeris (1960 
co-ordinates). Unique constellation fig- 
ures using straight lines. Gnomonic 
projection. 


Set of 12 maps .......... $4.95 ppd. 
BRODER MAPS 


1368 McAllister St., San Francisco 15, Calif. 























Positions of the moon at successive contacts as it passes through the earth’s 
shadow, labeled in Universal time. This will be the first total eclipse of the 
moon visible from the United States since November 7, 1957. 
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Now in smaller sizes 


NEW. 7 AERO PLASTIC 
e 


RELIEF MAPS 
UNITED STATES 


16 x 28 
THE WORLD 


995 


These maps are an excellent visual aid in the 


' teaching and study of earth sciences, as well 


as a handsome addition to home or office. 
Vertical exaggeration and color emphasize re- 
lief features. The maps are molded of tough, 
sturdy Vinylite and are self-framed with brass 
grommets for easy hanging. They can be 
cleaned in a minute with a damp cloth. These 
are the maps selected by the U.S. Weather 
Bureau for display in airport weather stations. 
(The U.S. map has insets showing Alaska and 
Hawaii. ) 
Also Standard-Size Aero Plastic 
Relief Maps. 


Write for complete catalogue. 


ASSOCIATES 


Astronomy/Teaching Aids 


SCIENCE 
Instruments/Weather 
194 Nassau St., P. O. Box 216, Princeton, N. J. 
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LEiss 
Coudé 


Refractor 
750 mm 


Ideal for college and 
private observatories 
SPECIAL FEATURES 


Due to the Coudé principle, position of 
the eyepiece is fixed—the observer never 
needs to change his seat. 


For visual observation and photography. 
Photometers, spectographs and H-ALPHA 
monochromators available. 


Continuous observation, without interruption in 
the hour angle. 


Sun spot observation on projection screen 
without changing observer's position. 


Focal length: 2250 mm. Magnification: 56—357x. 
Price: $18,850. 
Write for further information 
CARL ZEISS, INC., 485 Fifth Ave., New York 17 “ 
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only modest equipment is needed. The 
unaided eye can follow the general course 
of events, and make valuable observations 
of the color of the eclipsed lunar disk, 
but binoculars are preferable. Best of 
all are small refractors or reflectors, with 
apertures of two to six inches. If your 
telescope is an 8-inch reflector or larger, 
stop down the aperture to about four 
inches, to minimize the dazzle of the un- 
eclipsed part of the moon. Use your low- 
est-power eyepiece. 

Many amateurs will wish to make their 
own photographic records of the eclipse. 
The size of the focal image of the moon 
obtained with a 6-inch f/8 reflector, for 
example, will be just under half an inch 
across. Projection of the image through 
a low-power eyepiece of good quality is 
a satisfactory method of obtaining a larger 
scale, at the cost of lengthened exposure. 
The photographic observer is cautioned 
to take experimental exposures of the 
moon with his chosen equipment well in 
advance of the eclipse. 

During totality, the moon is so greatly 
dimmed that the effective exposure re- 
quired is roughly 1,000 times greater than 
for the uneclipsed full moon. For satis- 
factory results during totality, the tele- 
scope should therefore be equipped with 
a clock drive. Additional information 
about photography of lunar eclipses is 
given by Peter A. Leavens’ article on 
page 43 of the November, 1956, issue of 
Sky AND TELEscopPE (out of print). 

For visual observers of the March 12-13 
phenomenon, several programs of useful 
observations may be undertaken. The 
simplest ones are outlined first. 


1. Darkness of the eclipse. There is 
a considerable range in the brightness of 
the moon at different eclipses, and it is 
desired to compare this event with previ- 
ous ones. The French astronomer A. 
Danjon has suggested that this variation 
is correlated with solar activity. He used 
the following five-point scale of the 
luminosity Z to classify eclipses: 


iL =0: Very dark eclipse, moon almost 
invisible, especially in mid-total- 
ity. 

= 1: Dark eclipse, gray or brownish 
coloration, details distinguishable 
only with difficulty. 


L = 2: Deep red or rust-colored eclipse, 
with a very dark central part in 
the shadow, outer edge of the 
umbra relatively bright. 


L = 3: Brick-red eclipse, usually with a 
bright or yellow rim to the shadow. 


L = 4: Very bright copper-red or orange 
eclipse, with a bluish very bright 
shadow rim. 


The observation to be made consists 
in choosing the appropriate rating of the 
eclipse by the criteria above. For this 
purpose, the moon should be carefully 
examined shortly after totality begins, 





U.S. SURPLUS BARGAINS 


IN HIGH-QUALITY OPTICAL PARTS AND EQUIPMENT 








8-POWER WIDE-FIELD ELBOW TELESCOPE 


BAUSCH & LOMB F/6 
AERO-TESSAR LENS 


Focal length 24”. Com- 
pletely mounted with iris 
and shutter. Excellent for 
wide-field telescope. All 
in excellent condition. 
Price $25.00 | 





Field of view 8° 45’. Large focusing Erfle eyepiece 
Eye lens diameter 2-1/16” with diopter scale +2 - —4 

eee 4 built-in filters — clear, neutral, red, amber. Length 
15%”, width 65%”, height 734”, weight approx. 914 
Ibs. Exceilent unused condition. Price $39. 


WIDE-ANGLE ERFLE EYEPIECE = : a 
(68° FIELD) 


Coated optics, 3 achromatic lenses. 


BELL & HOWELL 





114” focal length, 1-13/16” aperture. | F/8 
Price $12.80 | TELEPHOTO 
LENS 


Focal length 36”. Com- 
pletely mounted with iris 
and shutter. Weight ap- 
prox. 25 Ibs. Excellent 
16-mm. AERIAL GUN condition. 


CAMERA, MODEL AN-N6 Price $49.50 


Takes standard 16- —reaeeaes = = ee See eee 
mm. —— load 
(50’). perates at se 
16, 32, or 64 frames 5” SCHMIDT 

per second. Complete ULTRA-HIGH-SPEED 


with Wollensak Type | OBJECTIVE LENS SYSTEM 
V ilens, 134” (35- 












| crometer, makes the standard gunnery circle of 





mm.) f/3.5. Excel- Eastman Kodak infrared re- 
lent condition. Oper- ceiver, formerly known as 
ates on 24-volt d.c. U. S. Navy Metascope, Type 
Price $29.95 B. 7” long with 5” Schmidt 





ultra-high-speed objective lens 
(approx. f/0.5). Elaborate 
aia a eal optical system, many coated lenses. Uses two pen- 
light batteries. Gov't. cost, approx. $300.00. Factory- 
new. Shipping wt. 9 lbs. Price $19.95 


Waterproof carrying case extra. Shipping wt., 3 Ibs. 
Price 





TELESCOPE MOUNT 


Rotating yoke with 
micrometer positioning 
tightens onto any 1” — 
vertical shaft = k, 
thumbscrew. evels 

witht bailéin bubble: NAVY INFRARED RECEIVER, 
orients with built-in TYPE C-3 
magnetic compass. 
Turned by knurled 
wheel on one end of 


Produces visible image from 
ae image in — 
” darkness. For seeing in dar 
oo ee a with infrared light source. 
eateain walieell cau cies Nothing to wear out. Operates 
eati dinidea cach cOaié on two flashlight batteries. Has 
azimuth unit into hundredths. The coarse scale high-voltage apd suppl — scal 
divides each 180° into 32 parts, which, with the mi. | image tube (1P25) and elaborate | optical, system, 
erste . Weighs only 6% youn sae : i’ i bom 8” 
. : : : high, 5-12” wide. Manufactured by R. C. A. jective 
6,400 mils. A direct-reading conversion graph of . a ” ” 
mils to degrees is furnished. Quick-disconnect lever ee pa — inet 2 Pa oygp nang 
disengages the worm for turning platform quickly. Price $35.00 uae ws oe ne , 
Yoke will mount 5%” shafts 514” apart in split pillow | mse : 
blocks 314” above platform. Bronze worm on a shaft | 
with a knurled wheel is mounted below the outside | 
of one pillow block. If the shaft through the block 
nae $5 eee 32-pitch er le-thread, Rag ag > | INFRARED FILTERS 
right-han ear, the worm would mate with it for , P , p 
controlled tit Price 534” diam. x 4%” thick. Price $2.95 
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VARIABLE-SPEED BALL DISK INTEGRATORS (All shafts ball-bearing supported) 


No. 145. Forward and reverse 214-0-214. Input shaft spline gear 12 teeth 9/32” 
diam., ¥” long. Output shaft 15/64” diam. x 15/32” long. Control shaft 11/32” 


Tl x 34” long. Cast-aluminum construction. Approx. size 3” x 3” x 234”. Price $17.50 
a[u& No. 146. Forward and reverse 4-0-4. Input shaft 5/16” diam. x 34” long. Output 
° , shaft 15/64” diam. x 9/16” long. Control shaft 11/64” diam. x 11/16” long. 

Cast-aluminum construction. Approx. size 414” x44” x4". Price $18.50 each. 


Send full amount with order. All prices net f.o.b. Pasadena, Calif. No C.0.D.’s, please. 
| @ Pasadena 8, Calif. MUrray 1-7393 
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and again at mid-totality, to assess both 
FLEMING'S the marginal parts and core of the 


shadow. The naked eye, binoculars, or 
lee" a small telescope may be used, but the 
observer should report the instrumental 


means, as this may have some influence 






ACCURATE TIME SIDEREAL TIME 
Teed |. Gas es sat on the rating. 
s|m é : 
‘ SEPTEMBER 2. Colors. Careful descriptions of the 
coloration of the moon during the course 


% ® , 

Vyyst qui j ‘ : ; . 
Wy of the eclipse are of considerable interest. 
It is important that the time of each color 
observation be recorded, and also the 


optical means employed. The color phe- 





nomena may be more conspicuous to the 
unaided eye or in field glasses than in 
larger instruments. 


3. Penumbra. During the partial stages 
of the eclipse, the dark umbral shadow 
will be seen to have a lighter, penumbral 
border. What are the first and last times 
during the eclipse when any penumbral 
darkening of the moon can be detected? 
Also, soon after the beginning of partial 
eclipse, try to estimate the width of the 
visible portion of the penumbra, as a 
fraction of the moon’s diameter. The 
problem of the visibility of penumbral 
lunar eclipses was discussed on page 620 
of the September, 1959, issue. 








4. Enlargement of the umbra. At 
every lunar eclipse, the diameter of the 
earth’s shadow is about two per cent 
larger than the geometry of the eclipse 

calls for. The amount of this enlargement 
i is not the same from one eclipse to the 
next, for reasons not fully understood. It 
can be deduced from careful observations 
of the times when lunar craters enter the 
umbra or emerge from it. 

At nearly all eclipses, during the partial 

stages the border of the umbra is definite 
YOUR TELESCOPE iS NO BETTER | enough so that such crater times can be 
| noted to within a fraction of a minute. 


THAN YOUR ABILITY TO FIND For a large crater, such as Plato, record 


| when the shadow first reaches it and also 


THE THINGS YOU WANT TO SEE the moment the crater is just covered; 


| the average of these times tells when the 






accurate 
longitude 





al any time 






solar time 


* 


siderea! time at any place « 






. J s 


wae 


PATENT APPLIED FOR © 1959 = ACCUSTARCO.,, —— DETROIT, MICH. 





Now — for the first time | crater was bisected. ‘Times should be 
recorded to 0.1 minute, the correction of 
An entirely practical solution to the amateur’s biggest problem. Now you can find celestial | the clock or watch being known to this 


objects with an ease, speed, and accuracy never before approached. 

To find any object you must know the sidereal time and ACCUSTAR will give it to you 
instantly. Having already set the outer disk to your longitude, turn the inner disk until your 
clock (standard) time corresponds with the date. The sidereal time is then indicated on the 


accuracy. 
The times of any of the four contacts 
of the eclipse, if carefully observed, can 


inner dial. It’s as simple as that. Consistently accurate within two minutes or less. also serve for the evaluation of the 
ACCUSTAR will do many things: tell precisely where any star or constellation will be at any shadow enlargement. The writer will 
time or place, determine longitude, tell the solar time with one simple observation easily made | analyze any timings of craters or of con- 


with ACCUSTAR. ; ‘ 
tacts reported to Sky AND TELESCOPE. 





a The possibilities of interesting and use- 
ACCUSTAR and the book, Find the Stars $9.75 ful observations are by no means limited 


A precision instrument, blue and gold in color, 10 by 12 inches, plastic coated, to those mentioned above. For example, 


metal backed, weighs less than a pound. Nothing to get out of order. an amateur with photoelectric equipment 
Book Find the Stars has 23 sky maps and needed information on over 250 can derive the light curve of some selected 
lestial jects of pri i . 

celestial objects of prime interest to the amateur. area of the moon throughout the eclipse, 











preferably using a color filter that isolates 


ACCUSTAR will be your indispensable guide to the heavens and multiply your pleas- a well-defined spectral region. Records of 


ure in exploring them. Place your order now. | the visibility of particular surface features 
during the eclipse are likewise valuable. 
: — In addition, all watchers of the event 

ACCUSTAR P. O. Box 2806, Detroit 31, Michigan male 
should be aware of the possibility of such 








rare occurrences as a zigzag outline to the 
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INSTRUMENT DIVISION For Research Equipment 





3” Equatorial Refractor 





© 910-mm. focal length © 76.2-mm. clear aperture ® Micromotion controls for declination and 
right ascension © Resolving power 1.6 seconds of arc 


Truly superior quality —- advanced design — optically and mechanically suitable for serious research. 
Objective lens is 79-mm., hard-coated, air-spaced Fraunhofer achromat with clear aperture of 76.2 mm. (3”). 
Focal length 910 mm., focal ratio f/12, resolving power 1.6 seconds. 7 coated eyepieces providing 227x, 
152x, 101x, 73x, 45x, 35x, plus 25x through finder. Focusing by means of microprecise rack-and-pinion drive. 
View finder has 42-mm. (1.6 clear aperture) objective, 500-mm. focal length, rack-and-pinion focusing, and 
will accommodate various eyepieces. Oversized equatorial mount insures stability and smooth action. Finely 
calibrated hour and declination circles for rapid finding and setting. Micromotion controls and clamps for 
both declination and right ascension. Controls fitted with flexible shafts and oversized knobs for ease of 
positioning while viewing. White enameled, aluminum body tube for maximum strength with minimum weight. 
Accessories include 3 sunglasses, moonglass, 2 star diagonals, sun diagonal, erecting prism, sun projecting 
screen, extendable field tripod with chain brace, accessory shelf, wooden cabinet. Shipping wt. 60 Ibs. VIA 
EXPRESS ONLY. 


MMM ccs ccsccetacsctvasacussrsasaseveates eet ereecsteceesaseee HOMEME CREAT I co sccncavescacessiunysccctsaustuaeceraneuasvesvacsteees Net 189.00 


portus 3” Equatorial Refractor 


© Ultra-precise helicoid focusing ® 76.2-mm. clear aperture ® 7 coated eyepieces ® Most ad- 
vanced equatorial mount 





The finest 3°’ refractor — true research quality within the price range of the serious amateur. Incorpo- 
rating a 79-mm. hard-coated air-spaced Fraunhofer achromat of 910-mm. focal length, with a full 3” clear 
aperture, f/12, and resolving power of 1.6 seconds of arc. 7 coated eyepieces provide 227x, 152x, 101x, 
73x, 35x, 18x, and 25x through finder. Helicoid focusing — the finest available — by means of a massive 
wheel and ultra-fine helical gear. Finder scope, with rack-and-pinion focusing, features a 1.6’’-clear-aperture 
objective of 500-mm. focal length. Provides for interchangeable eyepieces. Equatorial mount of massive 
construction and advanced design incorporates finely calibrated hour and declination circles. Micromotion 
controls with extended flexible shafts and compression locks on all axes. Accessories include 3 sunglasses, 
moonglass, sun diagonal, 2 star diagonals, sun projection screen, erecting prism, heavy extendable field 
— po accessory shelf, separate wooden cases for telescope and mount. Shipping wt. 100 Ibs. VIA EX- 
PRE NLY. 


ROM cg or achas pansies estes cane eiasvecscadeculatecnseice ORAM MIINNUIE sac cccnsccsateseseteretuncactisiecevinsssseuserennet Net 269.50 


LAFAYETTE 14” TRANSPARENT CELESTIAL GLOBE 


% Basic Aid for Students and Teachers of Astronomy 
% Navigation + Aeronautics y& Astronautics 


FIRST TIME UNDER $100.00 


AVAILABLE ONLY THROUGH LAFAYETTE 
IN THE UNITED STATES, CANADA, AND MEXICO 


ve % Adjustable satellite orbits 4 Satellites travel around earth automatically 
% Adjustable sun and moon & Adjustable lunar orbital inclination + 80 
constellations — including all stars of Ist, 2nd, 3rd, and 4th magnitudes 
% Similar devices used by the Navy — Air Force — Marine Corps 


A true ‘‘mechanical universe.’’ Designed for and dedicated to those who recognize the challenge and adventure 
that lie on the frontiers of space. The concept of the celestial sphere is the most convenient means of illustrating 
and discussing the common motions of the stars and the individual motions of the members of the solar system. 
It offers an easily used and easily understood working model of our universe. An invaluable aid in visualizing 
and identifying the stars and constellations and their relationship to each other, to terrestrial positions, and 
to times and dates. Permits an understanding of explorations in time and space beyond the earth’s atmosphere. 

The celestial sphere may be defined as a sphere of infinite radius with its center located at the center of the 
earth. The system of geocentric co-ordinates will illustrate the true geographic zeniths of the sun and stars at 
any time on any day. Most systems of astronomical spherical co-ordinates, such as the equatorial, galactic, ecliptic, 
which are based on the celestial sphere, rotate with the sphere. The apparent contra-rotation of the stars, actually 
due to the earth rotating about an axis, is clearly demonstrated in this well-made device. 

The sphere shows how the sky will appear at any hour — on any date — from any point on earth. With it 
you can tell time by the stars — learn to tell time by the sky — clearly illustrate and help solve navigational 
problems. Traces the orbits of man-made satellites and finds their overhead positions. Serves as a superb star 
chart. Sun and moon positioned by external controls. Artificial satellites automatically circle around the terrestrial 
globe. The various stars, constellations and their identifications are permanently molded —- not printed — on the 


celestial sphere. 
The celestial globe is 14’’ in diameter, with the terrestrial globe centered within. Equipped with horizon 












5 _ _. Hi ring — time ring — fixed meridian ring — swinging meridian ring — sun and moon pointers — fixed ecliptic — 
eens i ©, 5 ee 50 detachable ‘‘planet’’ indications — universal base — and complete instructions. Shipping wt. 15 Ibs. 
Tokyo Astronomical Observatory Mise ec svadesiadtonsveevanaticdeciasseeceetesteoneten BN Wcities ceccicccns score catecnsavatearcraegrmateceoessiend Net 59.50 





JAMAICA 31, 


USE OUR EASY PAYMENT PLAN LAFAYETTE RADIO =P. 0. BOX 1000 ew vork 
DOWN PAYMENTS AS LOW AS 


$2.00 AND UP TO 24 MONTHS | |, Please Send Stock # 
Mi TO PAY [Enclose $n Dept. f 
NEW YORK, N.Y., 100 Sixth Ave. it a ne See — ] 


























BRONX, N.Y., 542 E. Fordham Rd. CON isla ica cca cacscadécsactucincdcccaieigaatieieudaceinicanaa ee 
NEWARK, N.J.,_24 Central Ave. GRE. 5 oasis ten cdctincttemicci enone j 
165-08 LIBERTY AVE. PLAINFIELD, N.J., 139 West 2nd St. : 
JAMAICA 33, N.Y. BOSTON, MASS., 110 Federal St. GI ssa csencacncocecscaticouatatoiccgearenae’ yO eee DRO Saisie 
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The latest 


Spitz MODE: A-2 
PLANETARIUM 


has been installed at 
Chinese Navy 
Headquarters 


Taipei, Taiwan 


* 
Spitz Laboratories 


Inc. 
YORKLYN, DELAWARE 
Phone: CEdar 9-5212 











GARTH ACCESSORIES 


TRIGARTH TURRET — Holds three standard 114” O.D. 


eyepieces. $15.95 ppd. 
RACK AND PINION Machined from solid aluminum 
castings. Main tube, 134” long; sliding tube, 2”; 


total movement, 334”. Takes standard 114” eyepieces. 
Gray or black crackle finish. $15.95 be 
at 


(Both Turret and Rack and Pinion as illustrate 
left, $31.90 ppd.) 

WIDE-ANGLE RAMSDEN EYEPIECES Precision made, 
standard 14,” O.D. Three sizes: 4”, 14”, and 1” 
E.F.L. $7.00 each, ppd. 
Light sturdy aluminum. Spring-adjusted 
Cut away for ventilation. 

6", $7.00; 8’, $11.50; 10’, $35.00; ppd. 
ELLIPTICAL DIAGONAL HOLDER Accurately machined 
from solid brass to fit 144” minor-axis elliptical diagonal. 


MIRROR CELLS 


to absorb shocks. 


Fully adjustable for rotational and longitudinal movement. 4 
$10.00 ppd. LS 
Satisfaction guaranteed. Write for free catalog. ee 


P. 0. Box 991 
Springfield 1, Mass. 


GARTH OPTICAL CO. 














LAFAYETTE 
EXCLUSIVE 


ASTROGRAPHIC PLANETARIUM 


% HOLD THE UNIVERSE IN YOUR 
HAND! 

ye COMPLETELY PORTABLE! 

% SELF-ILLUMINATED! 

% LOCATES AND IDENTIFIES ALL 

THE IMPORTANT CONSTELLA- 

TIONS SEEN IN OUR LATITUDES! 


1250 


Produced for the Science Minded 
— by the Science Minded. 


A totally new, portable, astronomical instrument based 
on the centuries-old principle of the planisphere. The 
Lafayette Astrographic Portable Planetarium simplifies 
the study of basic astronomy. Indoors — it teaches the 
names, locations, appearances, and relative positions 
of all the major constellations observable north of 
latitude +30°. Outdoors — it becomes a star finder 
without peer. Locates and identifies all the major 
constellations, stars from the Ist to 5th magnitude, 
clusters, nebulae, and the Milky Way. Adjusts for any 
hour of any day of any month. e sky, as viewed 
through the Astrographic Planetarium, includes the 
mythological constellation figures, properly placed and 


































named and precisely executed in all their intricacy 
and beauty. Superimposed celestial equator and 
ecliptic —- month/day and hour dial — cardinal com- 
pass points for viewing direction — “‘soft-lite’’ bulb. 
Includes batteries and instructions. Shpg. wt., 12 Ibs. 
F-500 .. Net 12.50 








LAFAYETTE RADIO 


PLAINFIELD, N. J. 
139 W. 2nd St. 
Plainfield 6-4718 


BOSTON, MASS. BRONX, N. Y. 
110 Federal St. 542 E. Fordham Rd. 
HUbbard 2-7850 | FOrdham 7-8813 


NEWARK, N. J. 
24 Central Ave. 
MArket 2-1661 


NEW YORK, N. Y. 
100 6th Ave. 
WOrth 6-5300 


JAMAICA, WN. Y. 
165-08 Liberty Ave. 
AXtel 1-7000 


232 Sxy anp TELEscoPE, February, 1960 








earth’s shadow, or an eccentrically placed 
dark umbral core. 

Serious observers who do carefully 
planned work under any of these head- 
ings during the March 12-13 eclipse are 
invited to send reports to Sky AND TELE- 
scope, Harvard Observatory, Cambridge 
38, Mass., for analysis and inclusion in a 
comprehensive summary. ‘The _ report 
should clearly state the time and optical 
equipment used for each observation in 
the record, and should include details of 
sky conditions during the eclipse. 

Amateur photographs of the eclipse, 
submitted for possible publication in 
Sky AND TELEscoprE (these will not be 
returned to the sender), should reach this 
magazine not later than Friday, March 
25th. Only black-and-white prints, at 
least 4-by-5, are suitable for reproduction. 
The use of air mail special delivery is sug- 
gested for meeting the deadline. 

Aes 


SUNSPOT NUMBERS 


The following American sunspot num- 
bers for November, 1959, have been de- 
rived by Dr. Sarah J. Hill, Whitin Ob- 
servatory, Wellesley College, from AAVSO 
Solar Division observations. 

November I, 112; 2, 89; 3, 103; 4, 
5, 84; 6, 111; 7, 121; 8, 144; 9; 139; 
141; 11, 144; 12, 146; 13, 156; 14, 164; 
150; 16, 129; 17, 80; 18, 67; 19, 52; 20, 71; 
21, 63; 22, 88; 23, 107; 24, 155; 25, 156; 26, 
147; 27, 159; 28, 172; 29, 167; 30, 161. 
Mean for November, 122.3. 


92; 
10, 
15, 


Below are provisional mean relative 
sunspot numbers for December, 1959, by 
Dr. M. Waldmeier, director of Zurich Ob- 
servatory, from observations there and at 
its stations at Locarno and Arosa. 

December 1, 142; 2, 150; 3, 171; 4, 190; 
5, 126; 6, 147; 7, 136; 8, 129; 9, 94; 10, 70; 
1, 823 12; 71; 13, 59; 14, 88; 15, 123; 36, 
113; 17, 107; 18, 111; 19, 114; 20, 110; 21, 
103; 22, 121; 23, 106; 24, 108; 25, 110; 26, 
95; 27, 1325-28, 114; 29, 135; 30,. 127; Si, 
153. Mean for December, 117.3. 


HANDBOOK FOR OBSERVERS 


Tue HANDBOOK OF THE BRITISH ASTRO- 
NOMICAL AssocIATION 1960, J. G. Porter, 
editor, 1959, British Astronomical Associa- 
tion, 303 Bath Rd., Hounslow West, Mid- 
dlesex, England. 70 pages. 5s for members, 
9s for nonmembers; paper bound. 

This is the 39th annual Handbook of the 
BAA, and contains the same kind of useful 
information as last year’s, including occul- 
tation predictions for the eight stations in 


. Great Britain, South Africa, Australia, and 


New Zealand. 

To aid the amateur in planning his observ- 
ing, there are ephemerides of the sun, moon, 
planets, periodic comets expected to return 
in 1960, and a convenient table of the sun’s 
colongitude for lunar observers, with much 
other information. Predictions of the phe- 
nomena of Jupiter’s satellites are given, to- 
gether with charts for two of Saturn’s moons, 
Titan and Iapetus. Detailed information on 
1960’s major meteor showers is provided. 








ENGINEERED FOR THE LAST WORD IN BREATHTAKING PERFORMANCE . . . PRICED 
FOR FIRST CHOICE IN VALUE... FULLY EQUIPPED WITH MANY EXTRA FEATURES! 


including . . . @ Electric Drive (Patented) 
5 @ Setting Circles @ Rotating Rings 


A Complete Instrument, No Costly Accessories Needed! 


You'll marvel at how 
the superb optics of 





this portable RV-6 
~, 
Model RV-6 Complete 
with Dyn-O-Matic Electric 


6-inch | | | : 
DYNASCOPE » 194% 


gives the same exquisite definition 
as far more expensive instruments! 


This new addition to the Dynascope line has won immediate recog- 
nition from schools, colleges, and professionals, as an outstanding 
achievement in a 6-inch telescope. Although it was only recently in- 
troduced, our files are already filled with complimentary letters from 
excited amateurs and professionals all over the country. Each one is 
truly amazed at the superior optical performance of this new RV-6 
6-inch Dynascope! Here is large aperture in a quality instrument at 
a price that compares with many 4-inch telescopes. And this low cost 
includes such exclusive extra features as electric drive (patented), setting 
circles, and rotating rings! There are no “extras” to run up your cost! 

The superb optical system resolves difficult objects with definition 
that is absolutely breathtaking. The close telerance of the precision 
construction assures an accuracy and smoothness of operation once 
associated only with the finest custom models. The heavy-duty mount, 
complete with electric drive, provides the stability so essential for sat- 
isfactory viewing, yet there is easy portability because in a matter of 
minutes the entire telescope can be dismantled into three easy-to-handle 
sections. 

Only Criterion’s engineering ingenuity, coupled with volume pro- 
duction and modern manufacturing methods, makes this handsome 
6-inch model available at such reasonable cost. You can order it 
with complete confidence that it will live up to your expectations in 
every way, for this assurance is guaranteed under our full-refund war- 
ranty. Send your check or money order today. Or use our liberal 
time-payment plan and take months to pay. 


You Could Pay $100 More 
Without Getting All These 


Superior Features (Except on Another Dynascope) 


1. EXQUISITE OPTICAL SYSTEM INCLUDES F/8 6-INCH PARABOLIC PYREX 
MIRROR accurate to better than 1g wave, zircon-quartz coated, and guaran- 
teed to reach all theoretical limits of resolution and definition. Teamed 
with elliptical diagonal, mounted in 4-vane adjustable spider. 


" f.o.b. Hartford, Conn. 
5 Shipping Wt. 55 lbs. 
§ Express Charges Collect 
































ENJOY IT NOW — take 


up to 24 months to pay under 
our Easy Terms plan! 


Just a small down payment de- 
livers this big 6-inch DYNA- 
SCOPE. Pay the balance at your 
convenience over 6, 12, 18, or 
even 24 months! Write for de- 
tails, or order today by sending 
your check or money order with 
coupon below. 








2. NEW DYN-O-MATIC ELECTRIC DRIVE with smooth self-acting clutch that 
engages and disengages automatically as you seek different objects. Will 
not interfere when manual operation is desired. Entire drive housed in 
trim aluminum case. Plugs into ordinary household socket. 


3. CHOICE OF ANY 3 EYEPIECES from the following: 65X-18-mm. Achro- 
matic Ramsden; 100X-12.7-mm. Achromatic Ramsden; 150X-9-mm. Achro- 


matic Ramsden; 220X-6-mm. Orthoscopic; 320X-4-mm. Orthoscopic. All are 
precision-threaded, give sharp images to extreme edges. 
4. SOLID NEW EQUATORIAL MOUNT extra-reinforced design to provide 


pillarlike stability. No annoying side play or wobble. Adjusts easily to 


any latitude. 

5. SETTING CIRCLES for both right ascension and declination. 
finished in fine aluminum. 

6. 6x30 FINDERSCOPE, ACHROMATIC, COATED, with accurate crosshairs 
and fine focus. Durable cast-aluminum bracket with 6 adjusting screws 
allows positive collimation. 

7. ROTATING RINGS FOR MAXIMUM VERSATILITY AND VIEWING COMFORT. 
Solid-cast, chrome finish, rings are generous 1’ wide with felt lining. 
Newly designed construction, with over-sized knurled adjusting knobs, 
affords maximum rigidity and allows for quick disassembly and portability, 
with or without tube. 

8. STRIKINGLY HANDSOME, WHITE, 50°’ BAKELITE TUBE with porcelainized 
Duralite finish, durable yet light. Walls are g’’ thick, completely insulated 
and anti-reflective blackened inside. 

9. BRASS RACK-AND-PINION EYEPIECE HOLDER has precision-cut rack and 
gear for easier, smoother, more positive focusing. Takes standard 11%“ 
oculars, negative or positive. 

10. STRONG, VIBRATION-FREE, ALL-METAL TRIPOD with easily removable 
legs. Provides sure, steady support, plus lightweight portability. 


CRITERION MANUFACTURING CO. 
331 Church St., Hartford 1, Conn. 


Manufacturers of Quality Optical Instruments 


Handsomely 







“'T never dreamed such a bril- 
liant, clear image could be 
had with a telescope costing 
under $200. It is one of these 
rare bargains that you find 
only once or twice in a life- 
time 


B.S. — New Jersey 


Sound too good to be true? 


Then read what these delighted 
DYNASCOPE owners have to say: 


“A friend of mine has a 6- 
inch telescope without electric 
drive, for which he paid over 
$300. He agrees that my 
new DYNASCOPE not only 
outperforms it, but is a much 
better-looking and better-built 
instrument.’ J.L. — New York 


““Congratulations on the ex- 
cellence of your workmanship. 
The optics are truly amazing. 
I never expected such won- 
derful performance."’ 

L.H.N. — Massachusetts 


ee 


Criterion Manufacturing Co. 
Dept. STR-7, 331 Church St., Hartford 1, Conn. 


[] Please send me, under your MONEY-BACK guarantee, the RV-6, 6° Dyna- 


scope. 


Full payment of $194.95 is enclosed. 


] Send complete information describing easy payment plans. 


[-] Send FREE ILLUSTRATED LITERATURE of all the telescopes in the Dynascope | 


line. 


Address ...... 


| 

| 

| 
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| 
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Astronomy Films 


16-mm. sound, 400-foot reels 
I THE SUN; II THE MOON; 
III SOLAR SYSTEM; IV MILKY WAY; 
V EXTERIOR GALAXIES. 


2x2 SLIDES 
35-mm. STRIPS OF SLIDES 


THROUGH 200-INCH AND 
OTHER GREAT TELESCOPES 


International 
Screen Organization 
1445 18th Ave. North, St. Petersburg 4, Fla. 


Again in Print! 
Shapley-Ames 


CATALOGUE 
OF BRIGHT GALAXIES 


“A Survey of the External Gal- 
axies Brighter than the 13th Mag- 
nitude’”” gives NGC number, 1950 
position, magnitude, size, and type 
for 1,249 objects 

This publication (Vol. 88 Jo of the 


Harvard Annals) was out of print for some 


time, but is now available in an offset-printed 


tio . 
edition $1.50 postpaid 


Order directly Jrom 


HARVARD COLLEGE OBSERVATORY 


Cambridge 38, Massachusetts 


Deep-Sky Observers 


An extremely 
fine, imported 
Zuiho binocular 
with a wide field 


of view — 10/2”! 


$35.00 


Tax Paid 


Complete wi 
in the ¢ 


AMERICAN TYPE WIDE ANGLE 
7 x 35 Central Focus 
SPECIFICATIONS 

Magnification, 7x. Objective aperture 35 mm 

Eyepiece aperture, 24 mm. Exit pupil, 5 mm 

Field of view at 1,000 yds 51 ft. Field-of-view 


Height, 128 mm Breadth, 195 


angle, 10.5 
Weight of pigskin 


mm. Net weight, 950 grams 
case, 400 grams 


We have 


Before you buy or trade 
telescope or radio amateu 
WARD W2FEU | 
for the best dea 


gear, see 


E ablished 1936 
ADIRONDACK 
RADIO SUPPLY 

P. O. Box 88, Amsterdam, N. Y 
Ward ]. Hinkle, W2FEL Owner 


Above, on a blue plate taken with Palomar Observ 

scope, is the open cluster Messier 36, about 4,100 light-years distant from us. 

Below is another Auriga cluster, M37; though more distant, it is larger than 
M36. The width of the field of these illustrations is about 14 degrees. 


DEEP-SKY WONDERS 


HREE of the brightest galactic clus- 
ters listed by Messier are in the con- 


stellation Auriga. All are at the threshold 
of naked-eye visibility, and the slightest 
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ory’s 48-inch Schmidt tele- 


optical aid will make them stand out as 
striking objects. They are M36, 37, and 
88 : 
v0. 

The first of these, M36 (NGC 1960), is 
the smallest, being 12’ in diameter and 
containing 60 stars. It is located at right 














The large loose cluster in the middle of this Palomar Schmidt photograph is dreds of photographs, maps, color plates. $3.45 
M38. Above it is the smaller cluster NGC 1907, only half a degree distant 
from the other. It was overlooked by Messier, though noted by his contem- 


ascension 5" 32™.0, declination +34° 07’ 
(1950 co-ordinates), on the edge of the 
northern Milky Way inside the figure of 
\uriga. ‘his cluster is rather open, that 
is, the stars are not impressively concen- 
trated toward the center. 

Most striking of the three is M37 (NGC 
2099), at 5" 49™.0, +32° 33’. It is the 








THE ASTRONOMER KIT 


A complete telescope mirror making kit 
xe FOUCAULT TESTER, in its entirety, with light 
source, knife-edge, measuring scale 
PYREX MIRROR BLANK 
% NEW, NONVITREOUS TOOL, faster, smoother, 
more accurate 
SEVEN ABRASIVES for greater safety and speed 
CERIUM OXIDE for fast, clean polishing 
SPECIAL OPTICAL PITCH to minimize danger of 
turned-down edge 
MAGNIFYING LENS, essential in mirror grinding 
we DETAILED, ILLUSTRATED INSTRUCTIONS, ‘Mirror 
Making in the Kitchen’ 
(Starred items exclusive with The Astronomer Kit 
CGE s ec ckhenisnccnsavesKs $15.00 ppd. 
44-inch. ..$11.50 ppd.; 8-inch. ..$24.50 ppd. 
Foucault tester only............... .. . $6.00 


Money-back guarantee Write for catalogue. 
ASTRONOMY, inc. 


Suite 305, American National Bank Bldg. 
Denver 2, Colorado 











GREETINGS TO HAWAII 


To honor our new state, Astronomy Charted 
features the following publications two are 
astronomical. 


STARS OVER HAWAII 
By Edwin H. Bryan, Jr. A book with illus 
trations all its own, not found elsewhere. A 
real addition to your book shelf. Many dia- 
grams and pictures that apply to that latitude 
Paper bound, $1.25 


HAWAIIAN ALMANAC 

By Clarice B. Taylor. [Illustrated by Mary 
Laune Aiken. This really entertaining book 
has so many innovations it is hard to describe 
It takes you back a thousand years for a 
glimpse of Polynesian folk lore and a look at 

the lunar calendar, with days specified for || 
such activities as planting, fishing, y days, 
cultivating the soil, and mending fishing gear 
Each day had a moon name; the months and 
their meanings are covered. Now that Hawaii 
has become our 50th star, travel back to its 
distant past. Paper bound, only 50¢ 


HERE’S HAWAII 
Joint authorship. A complete, colorful guide 
to the Hawaiian Islands, tracing their history || 
with dramatic pictures and eloquent stories. || 
What to do, where to go, how to get there. || 
Complete, up-to-the-minute information. Hun- i 








HAWAIIAN WORDS 
AND PHRASES 
A quickie primer of the Hawaiian 









| 
: ° . . ° . . | 
porary G. Legentil. South is upward on all three photographs with this article. with amusing illustrations. Handy po 
Paper bound 
7 When you buy all of the above for $5.45, for 
to visual observers. Older reports almost an additional $1.50 (actually half price) you 
ilwavs mention a cross shape, which can get the Stellascope and Stella-Navigator 
~_—— ' NEW! ECONOMY SLIDES — Mounted without |} 
seems more pronounced with small in- glass. for projectors that take this type of i 
. att tala ~~ Tes eee : slide. Also for those who desire a reasonably | 
struments. A view with a 24-inch reflector priced slide and who will take the care needed || 
on a fine Arizona night showed the vee unprotected _ Single slides, 5¢. 

- : é 1en ordering one of ou nplete slide sets 
cluster as irregular, and the host of made up of these unmow. ‘ides, deduct || 
stars made fruitless any effort to find a = pr eae wuesiie ic i 
geometrical figure. ASTRONOMY CHARTED | 

brightest (visual magnitude 6.2) and has ‘a : é 
° 5 : ) WALTER SCOTT HOUSTON 33 Winfield St., Worcester 10, Mass., U.S.A 
the most stars — 150, according to the 


Skalnate Pleso Atlas Catalogue. Whether 
vour telescope is of the Moonwatch type 
or a large reflector, M37 is a treat. The 
view is further enhanced by the flickering 
background of the Milky Way. 

M38 (NGC 1912) is the same size as 
M37, 20’ in diameter, but somewhat 
fainter, with only a hundred stars, though 
in a 10-inch telescope this figure seems far 
too conservative. ‘The cluster is, however, 
usually visible to the naked eye without 
much effort. It is certainly far easier than 
M33 «(the = Triangulum galaxy), and 
probably easier than MII, the Scutum 
cluster. Located at 5" 23™.3, +35° 487, 
M38 is well within the star-strewn Milky 
Way. 

Photographs usually show a departure 
from circularity, a feature quite evident 


F Phone: PL 5-6992 
Rte. 3, Manhattan, Kans. See sie eas = 





Magnusson Telescopes and Accessories 


% Mountings as low as $29.00 and $59.00. 
% Low-priced clock drives and other accessories. 
Parts are sold separately. Write for prices. 


SETTING CIRCLES 


Made of choice aluminum or brass, 
machined and polished all over. 
Hour circles, machine-scribed with 
hour, half-hour, and five-minute 
marks. Declination circles scribed 
in degrees 0-90-0-90. Numbers 
stamped with 1%” dies. Holes 
reamed standard sizes. State sizes. 





Aluminum Brass 
Ss” CHYCIES. (SOR OF EWEN. ccdicscniesces SEO cusiceectnss $19.50 
6” circles, set of two 7.00...s0seeeereeeseeee $22.10 
8” circles, set of two .. SAA oect vcadcdecscsasnae $31.20 





14570 West 52nd Av 
O. MAGNUSSON  hevwde, Glaae 
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KOWA’S NEW PLANETARIUM 
AVAILABLE IN 3 SIZES 


- SPECIALLY DESIGNED FIXED STAR 
PROJECTORS show the sky in all of its 


natural beauty. 


* NEW MOON PROJECTOR shows sur- 


face detail more clearly. 


- DIURNAL AND ANNUAL MOVE- 
MENTS can be varied continuously. 


- DIFFERENT PROJECTION UNITS 
AND OTHER ACCESSORIES can be 


attached to main projector. 


* REMOTE CONTROL CONSOLE | is 
equipped with a magnetic tape recorder, 
record player, switch panel and speaker. 
Semi-automatic control unit can be 


attached to projector to simplify handling. 





























MAKERS OF WORLD-FAMOUS PROMINAR LENSES 
KOWA OPTICAL WORKS, 


KOFUKU SANGYO CO., LTD. 


4-6, Nihonbashi-Honcho, Chuo-ku, Tokyo, Japan 
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AVAILABLE IN 3 SIZES 


TYPE 1 Medium size for 10-meter pro- 
jection dome. Complete with 
all features except annual move- 


ment of sun, moon and planets. 


TYPE 2 Medium size for 13-15 meter 
projection dome with all fea- 


tures. 


TYPE 3 Large size for 20-meter projec- 
tion dome with all features. 
Comparable to standard Zeiss 


planetarium. 











WW BOOKS AND THE SKY W®@ 


ELEMENTARY ASTRONOMY 


Otto Struve, Beverly Lynds, and Helen 
Pillans. Oxford University Press, New 
York, 1959. 396 pages. $7.00. 


HE senior author, Otto Struve, is 

widely recognized as a leader in astro- 
nomical research and as a writer of lucid 
articles for the amateur astronomer and 
layman. In his new endeavor, a text in 
elementary astronomy, he was_ assisted 
by Beverly Lynds and Helen Pillans. 

In the preface the reader is informed 
that the book is not intended to replace 
the many excellent textbooks of descrip- 
tive astronomy now in use. Rather, “it 
is designed to meet the growing desire 
of students to derive from a course in 
astronomy a general background for the 
study of physical science.” Its aim is 
to stress some of the main ideas of 
physics — such as gravitation, radiation, 
and heat — in relation to the universe. 
Less description, as well as less emphasis 
on philosophical and historical implica- 
tions of the science, must accordingly be 
anticipated. 

In brief, it is hoped that the student 
reader shall appreciate astronomy as an 
integral part of physics, and gain a sound 
working knowledge of basic physical sci- 
ence to provide a background for later 
specialization in some other branch of 
science or engineering. There is no pre- 
sumption of previous training in mathe- 
matics or physics; calculus and _ trigo- 
nometry are omitted. 

The book opens with a chapter en- 
titled “The Universe,” a_ beautifully 
written summary of everything from 
planets to continuous-creation theory. A 
student at the assumed level of prepara- 
tion must accept most of the statements 
on faith, since complete understanding 
would presumably require that the bulk 
of the book had been thoroughly studied. 
This raises the question of the function 
of an introductory chapter. Is it to 
bewilder, astonish, intrigue? Or is it to 
form a connecting link between the 
reader’s initial knowledge and _back- 
ground and the intellectual challenge that 
lies before him? 

Chapter 2 is a review of fundamental 
units of length, mass, time, temperature, 
and the properties of the circle and 
sphere — all of which could have been 
placed in an appendix. A derivation of 
the stated number of square degrees on 
a sphere might have been included, as 
few elementary students have encountered 
this concept. 

The next 12 chapters (150 pages, or 
about a third of the book) are devoted to 
the properties and characteristics of the 
solar system, exclusive of the sun. Here 
the reader is introduced, with varying de- 
grees of detail, to matters of time, co- 
ordinates, gravitation, fundamentals of 


motion, Newton’s laws, the earth’s struc- 
ture and motion, the moon, planets, satel- 
lites, comets, and meteors. The tone is 
strikingly different from the introductory 
chapter, and the reader is at once aware 
of the new approach to basic astronomy. 

The authors have set themselves the 
task of giving “the beginning student as 
early as possible a good working knowl- 
edge of some of the basic ideas and 
theories of physical science... .” In the 
main they have accomplished this not by 
simple statements of physical laws and 
the corresponding mathematical formulas, 
but by actual use of these relations, as 
tools for the formulation of deductions 
and conclusions through the correlation 
of factual data. This text does not differ 
radically from many others in the extent 
to which physical law is stated, but it 
does differ in the extent to which direct 
application is made. Much that was 
formerly left to the discretion of the 
teacher is here developed step by step. 

Although the mathematical tools are 
limited to arithmetic and algebra, the 
results, generally speaking, are more 
meaningful than simple numerical ex- 
amples. Further understanding may be 
developed by the student through the 
solution of numerical problems _pro- 
pounded at the end of each chapter. Few 
discussion-type questions are offered. In 
all applications of physical laws, scrupu- 
lous attention is paid to the matter of 
units. The thoughtful student should 
thereby gain some appreciation of di- 
mensional analysis. 

In Chapter 4, the omission of an ex- 
plicit definition of mass, in an otherwise 
detailed discussion of gravitation, is sur- 
prising, since in Chapter 32, “Relativity,” 
the suggestion is made that this entity 
may be interpreted in several ways. In 
Chapter 6, on the motions of the earth, 
there occurs an abrupt and rather an- 
noying change of topic, occasioned by the 
injection of an abbreviated treatment of 
the properties of light, the Doppler effect, 
and spectroscopy — to illustrate astro- 
nomical methods for determining the 
length of the astronomical unit. 

Despite the emphasis placed on the role 
of radiation in physics and astronomy, 
students with little or no background in 
spectroscopy are placed at a definite dis- 
advantage by the piecemeal treatment of 
this topic throughout the book. This 
points up clearly a difficulty recognized 
by those of us who must try to teach 
astronomy and several important aspects 
of physics simultaneously to students un- 
familiar with either subject. 

Chapters 15 to 19 deal with the sun. 
The discussion begins with an account 
of nuclear energy sources, treats atomic 
theory and spectroscopy, and ends with 
those aspects of the sun more commonly 
and readily observed. The theory of in- 
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A complete 
account of our 
vast new 
knowledge 


concernin o— 


Our 


Sun 


By DONALD H. MENZEL, Director 
of the Harvard College Observatory 


Since World War II enormous strides 
have been made in our understanding 
of the sun and solar processes. This 
completely revised edition of OUR 
SUN takes account of the new tech- 
niques, such as radio astronomy, and 
the new theoretical methods that have 
led to radical changes in our theories. 


Sunspots have proved to be relatively 
quiet islands in the sun’s atmosphere 
— not violent storms. New studies 
of the corona lead astronomers to be- 
lieve that the corona may extend, with 
diminishing density and temperature, 
to distances far beyond the earth — 
thus becoming part of many terrestrial 
effects such as radio disturbances and 
the aurora borealis. 


The author also points out that in an 
age preoccupied with space, knowledge 
of the sun is increasingly important to 
man — for the sun governs everything 
he most wishes to explore. 201 illus- 
trations supplement the text. $7.50 


MOVING ENVELOPES 
OF STARS 


By V. V. Sobolev. Translated from the 
Russian by Sergei Gaposchkin. $4.75 


Order from your bookseller 
HARVARD 


UNIVERSITY PRESS 


Cambridge 38, Massachusetts 











QUESTAR GETS A LUCKY 
RIFT IN CLOUDS 


Since cloudy skies obscured the solar 
eclipse of October 2, 1959, in many places 
and hampered most photographic efforts, we 
are publishing this picture of it because it 
shows more detail in the corona than any 
other we have seen so far. 

We can only hope the engraver has heeded 
our note and by extra work has been able to 
capture on his plate some of the many coro- 

streamers and lines so plainly visible in 

photograph. If this fails, or if the press 
is not in prime adjustment as this page gets 
printed, you have only our word for it that 
there was some interesting detail in the co- 
rona. Under the large picture we show three 
prints, in actual size, of the same negative, 
which indicate the size of Questar’s prime 
image on the 35-mm. film. Each print was 
exposed a different number of seconds, which 
may help to show coronal structure. 

The gentleman below is Mr. Dumont Rush, 
an American working in Belgium who took 
his brand-new Questar to the Canary Islands 
(he mentions Tenerife) for this October 2nd 
eclipse. 

Mr. Rush says ruefully, “During totality 
I got no other pictures because of something 
I must have done wrong at the camera. More 
than likely I turned the shutter speed dial 
the wrong way in the dark, so my shutter 
speeds were far too fast. The enclosed shot, 
nearly at the end of totality, was made at 
1/20 second on Adox KB-17 film. The focus 
seems bad. I found it very difficult to get 
sharp focus on an edge of light without fea- 
tures. Clouds covered the sun before the 
eclipse, which prevented me from trying to 
focus on sunspots.” 

Out of focus or not, it seems to us that 
Mr. Rush's single photograph is better than 
he thinks. We are pleased to note with what 
simplicity Mr. Rush has made an oil drum 
serve as good foundation for his equatorially 
mounted Questar. And we are pleased to 
have him say that “I find the Questar a joy to 
use and a joy to carry. For a small-aperture 
telescope it is very fine indeed and I am not 
in the least tempted by those amateurs who 
advertise for a Questar in exchange for some 
fully equipped larger glass.” 

We note that Mr. Rush has put a padded 
counterweight on the end of his Questar’s 
star chart to balance the considerable weight 
of his M-3 Leica and its reflex housing. This 
is the right way to use a telescope when 
adding heavy auxiliary dev Balancing 
the load relieves all working parts of strain 
and insures the smoothest motion when 
electric drive is used. 

In designing Questar we tried to take full 
advantage of its very short tube, which over- 
hangs the 4-inch bronze driving wheel by 
only a few inches instead of several feet. 
To make sure it cannot be overloaded, with 
consequent high tooth pressures, we build in 
a slipping clutch. To minimize friction, the 
drive wheel is faced with ultraslippery 
teflon. This is driven by a pinion gear whose 
torque exceeds 1,000 inch-ounces. No won- 
der Questar’s drive is smooth and effortle 

The superfine Questar still costs only $995 
postpaid. Each one is tested by us on the 
stars at night, and each comes in a beautiful 
velvet-lined fitted leather case made for us 
in Staffordshire, England. Extended payments 
are available and our 32-page_ illustrated 
booklet is yours upon request. 


c@liteets 


NEW HOPE - PENNSYLVANIA 
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ternal structure is presented in greater 
detail than is ordinarily found in compa- 
rable texts. As in the preceding chap- 
ters, elementary formulas and _ relations 
based upon them are used to arrive at 
essential conclusions. 

Chapters 20 and 21 are on solar-ter- 
restrial relations and the origin of the 
solar system. The latter chapter is one 
of the best accounts for elementary stu- 
dents to appear for some time. It is 
regrettable that appropriate literature 
references were not included for this and 
other topics in the text. 

Stellar and galactic astronomy are dis- 
cussed in Chapters 22 to 31 (133 pages, 
or another third of the book). Chapter 
22, on stellar distances and luminosities, 
is essentially classical. Chapter 23, on 
the arrangement of stars in the Milky 
Way, seems out of order in the text. 
Reference is made in this chapter to inter- 


stellar absorption (Chapter 27), to vari- 


ous types of nebulae and novae (28), and 
to external galaxies (31). Similarly, in 
Chapter 24 on stellar motions, the dis- 
cussion moves from galaxies to 
structures in such a manner as to pose 
teaching difficulties. Chapter 25, “The 
Classification of Stars” (primarily spec- 
troscopic), is excellently done. 

In Chapter 26, “Star Clusters,” 
the succeeding treatment of current prob- 
lems in astrophysics — stellar structure, 
evolution of stars, and interstellar matter 


and 


lesser 


— we find some of the superb writing 
that we have come to associate with 
Struve. While less reliance is placed on 
formulas and numerical substitution than 
in preceding sections, even the most in- 
experienced student can hardly fail to 
appreciate the magnitude of the problems 
man has attempted to solve in his efforts 
to understand the universe. The chapter 
on relativity is good, but the going will 
student with little 
physics background. ‘Telescopes and _ ac- 
cessories are covered in the final chapter. 


be rough for the 


Star charts, printed in blue at the end 
of the book, are clear and usable in dim 
light. Each Greek letter 
designation, but constellation boundaries 
are not included. The book is illustrated 
by 110 carefully chosen photographs, all 
excellently reproduced. In addition, there 
are 181 line drawings and one color plate 
of spectra. The placement of photograph 


star has its 


captions leaves much to be desired, how- 
Cver. 

A few inadequacies of expression were 
noted. 
“The differences in the star trails on these 
two photographs result from the earth’s 
precessional motion.” The chief differ- 
ence in the plates lies in the variations in 
density of the star trails — the change in 
radii of the trails is so small as to pass 
unnoticed by the beginning student. The 
situation is clearly described 38 pages 
farther on in the text. On page 260 it is 


On page 21 the caption states, 








Astronomy Teaching Aids 


CSCO Publications 


Teachers of astronomy, both amateur and 
professional, will find the following ESSCO 
study materials useful in their classrooms. The 
test charts are challenging fun for the ama- 
teur astronomer, too! 


scl Equatorial constellation chart 
with star designations 
SCIT Test equatorial chart without 


star or constellation names 

$C2 Circumpolar constellation chart — 
with star designations (new large 
size) 

SC2T Test circumpolar chart —- without 
star or constellation names (new 


large size) 

$508A Ecliptic-based star map with 
equatorial grid and names 

$508 Ecliptic-based star map — _ with 
equatorial grid, without names 

$508B Ecliptic star map list — positions 


and magnitudes for 224 stars 
$505 Nine-inch protractor on paper — 
for planet orbit drawings 


$511 Inner planet chart — orbits of 
Mercury, Venus, Earth, Mars 

$512 Outer planet chart — orbits of 
Mercury to Saturn 

S5O1A Special rectangular co-ordinate pa- 
per — for star maps 

$502 Polar co-ordinate paper —— for cir- 


cumpolar star maps 
Price for each item listed above: | to 9 sheets, 
10 cents each; 10 to 24 sheets, 8 cents each; 
25 to 99 sheets, 6 cents each; 100 or more, 
5 cents each. 
From Stetson’s Manual of Laboratory Astrono- 
my, the chapter “Star Chart Construction” is 
available as a separate booklet, at 50 cents per 
copy. 
SPECIAL: DCS — Large wall chart of the Draper 


spectral classes, printed in four colors and 
mounted on canvas. Limited quantity. (Slightly 
damaged along edges.) $14.00 each 


SKY PUBLISHING CORPORATION 


Cambridge 38, Massachusetts 








featuring our 


SPACE K-4 
DELUXE 


WANTED 
Professional and Amateur Astronomers 


Put your ideas and experience to 
work. Extensive expansion program by 
Spacek Instrument Co. 
requires individuals with 
a knowledge of tele- 
scopes, optics, and as- 
tronomy. 

Proven design, low 
cost, and excellent per- 
formance of our SPACE 
K-SERIES telescopes 
have met with the ap- 
proval of many schools, 
observatories, and clubs. 

Here is an excellent opportunity for 
responsible persons, who are interested 
in supplementing their incomes, to dem- 
onstrate and sell our telescopes. 


Write for complete information about 
our Individual Dealer Plan. 





As tronom ical 























. on 


ings. 


finish 


bracket. 


e Pedestal: Heavy-wall steel tube with collapsible legs. Guaranteed free from 
torque and wobble. Design allows tube to be swung in any position without 
bumping into legs. Pedestal, mount, and legs painted black crinkle finish. 

e Three eyepieces: 50x Kellner, 100x and 200x Ramsdens. 


e Instructions. 


$98.50 


TELESCOPES 


by SPACEK INSTRUMENT CO. 


COMPLETELY ASSEMBLED — READY TO USE 


e Optical system: 41-inch mirror, {/11, spherically corrected with surface 
accurate to 1/, wave, aluminized and quartz over-coated. 

e Mounting: Equatorial and adjustable for latitude. 
castings with l]-inch-diameter shafting on both axes and Tensalloy bear- 

Clamps provide any degree of tension desired. Two lock-nuts on 
saddle permit simple removal of tube. All steel parts chrome plated and 
carefully machined to give maximum rigidity. 

e Tube: Seamless aluminum, painted black inside, with hammer-tone green 


Rack-and-pinion focusing: Accommodates standard 1!4-inch eyepieces 
Finder: 6 power, with achromatic objective, and mounted in adjustable 


e Send for new 16-page catalogue 


Massive aluminum 





assembly. 


All prices are f.o.b. Pottstown, Pa. 
Pennsylvania residents add 4% sales tax to all prices. 


OUR NEW K-4 DELUXE KIT! 


Assemble the K-4 Deluxe yourself and save almost $30.00. 
collimated, with interior of aluminum tube painted black. All parts carefully machined and ready for 
No special tools required. Three complete eyepieces included. Same fine quality as in our 
regular K-4 Deluxe illustrated above. Complete with all hardware and full instructions. 


Shipped with all optics mounted and 


$69.50 








All prices subject to change. 
DEALER INQUIRIES INVITED 





SPACEK INSTRUMENT CO. 


1130 Sembling Ave. 
Pottstown, Pa. 
Telephone: FAculty 3-2825 
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Norton’s STAR ATLAS 


This famous star atlas and reference handbook is par- 
ticularly suited for amateurs and students who 4@esire 
sky charts in book form. It covers the whole heavens, 
showing over 9,000 stars to magnitude 61/3, nebulae, 
and clusters. There are descriptive lists of 500 interest- 
ing objects for viewing with small telescopes, and useful 
data are given for observers of the sun, moon, and 
planets. New 14th edition, 1959. $5.25 


POPULAR STAR ATLAS 


This compact, well-bound set of 16 maps is a simpler 
version of the Norton’s Star Atlas described above. All 
stars down to magnitude 5/2 are included. This edition 
is excellent for field use by constellation study groups 
and by meteor parties. $2.00 


Elger’s MAP OF THE MOON 


The chart of the moon itself is 18 inches high by 1712 
inches wide and identifies all the important lunar fea- 
tures. Below the map are notes by H. P. Wilkins on 
146 of the more interesting areas. Printed on a sheet 
of paper 30 by 19/2 inches and mounted on heavy 
canvas, the map is ideal for framing. $3.00 


COLOR MAP OF THE 
NORTHERN HEAVENS 


This is a large wall chart, 30 by 341% inches, colorful 
as well as informative. The northern sky to —45° is 
shown on a polar projection, and each star is colored 
according to its spectral class. Stars brighter than 
magnitude 5.1 are included. The map is mailed un- 
folded in a heavy tube $1.50 each; 4 for $5.00 


COLOR CHARTS OF THE MOON 


and last-quarter 
the well-known 


Two striking color charts of the first- 
moon were drawn by Joseph Klepesta, 
Czechoslovakian amateur astronomer. Each lunar half 
is an impressive 27 inches in diameter; the over- 
all size of a chart, 23 inches wide by 33 inches high. 
Printed in predominantly gold and black on heavy paper, 
the charts are shipped unfolded in a cardboard tube. 

$3.00 per set of 2 


MOON SETS 


18 pictures, showing the entire visible face of the moon, 
are made from unsurpassed Lick Observatory negatives 
of the first and last quarters. Each halftone print is 
8/2 by 113% inches. Key charts supplied. $3.00 per set 


LUNAR CRESCENT SETS 


10 pictures are a matching series to Moon Sets, but for 
the waxing crescent 41/2 days after new moon, and the 
waning crescent about five days before new moon. Four 
prints are close-ups of the waxing crescent, four of the 
waning; two show each crescent as a whole. Key charts 
included. $2.50 per set 


SKY SETS I 


24 pictures of objects in the solar system and in the 
Milky Way, all celestial wonders of interest and beauty. 
Each halftone print is 8/2 by 1134 inches. Separate 
sheet of captions included. $4.00 per set 


SKY SETS II 


24 pictures of nebulae in our galaxy, portraits of other 
galaxies, many made with the 200-inch telescope, and 
four drawings of the 200-inch telescope by Russell W. 
Porter. Sheet of captions included. $4.00 per set 


LUNAR MAP. In two colors and over 10 inches in 
diameter. 25 cents each; 3 or more, 20 cents each 


SPLENDORS OF THE SKY. 36-page picture book of our 
neighbors, near and distant, in the universe. 75c 
RELATIVITY AND ITS ASTRONOMICAL IMPLICATIONS, by 
Dr. Philipp Frank. 75c 


HOW TO BUILD A QUARTZ MONOCHROMATOR for Ob- 


serving Prominences on the Sun, by Richard B. 
Dunn. 50c 
THE STORY OF COSMIC RAYS, by Dr. W. F. G. Swann, 


Barto! Research Foundation. 75¢ 
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charts, 


prominences, and 12 multiple star systems. 
wonders are new to American readers. 


John B. Sidgwick, and revised by Dr. 
University of Manchester. 





An extraordinary addition to your library! 


LAROUSSE ENCYCLOPEDIA OF ASTRONOMY 


By Lucien Rudaux and G. de Vaucouleurs. 
With an introduction by F. L. Whipple. 


The long-awaited English translation of this monumental French 
volume — one of the most complete and best-illustrated com- 
pendiums of astronomy ever offered in one book. 


A volume distinguished from all others by its detailed explanations, diagrams, and 
designed for the reader who wants a thorough knowledge of the subject, yet 
has no previous introduction to astronomy. 
covering every facet of all phases of the science. 
color renditions of a map of the moon, a total lunar eclipse, Mars, Saturn, Jupiter, solar 
Many of the beautiful photographs of celestial 


The translation was made by the well-known British astronomers Michael Guest and 
Zdenek Kopal, 


It contains 818 illustrations in 506 pages. 


reference work it is unsurpassed, 


Especially noteworthy are full-page 


As a 


professor of astronomy at the 
Each page is 8 by 11¥ inches. 


Special introductory price, $12.50 








Two Editions Available 


ATLAS OF THE HEAVENS 


ATLAS COELI 1950.0 


These 16 charts by Antonin Becvar and his coworkers 
at the Skalnate Pleso Observatory, Czechoslovakia, cover 
the entire sky to stellar magnitude 7.75, showing double, 
multiple, and variable stars; novae, clusters, globulars, 
and planetaries; bright and dark nebulae; the Milky Way 
and constellation boundaries. 


FIELD EDITION. Each chart is reduced from the origi- 
nal Atlas Coeli and is printed on heavy, stiff paper 
18 by 121% inches. Stars are white on black background. 
Charts are shipped flat and unbound, 16 to a set. Ideal 
for outdoor observing and use at the telescope. 

$4.00 each; 2 for $7.50 


DE LUXE EDITION. Printed in many colors, more than 
35,000 celestial objects, including over 100 radio sources, 
are plotted. Bayer-letter and Flamsteed-number designa- 
tions given. Transparent co-ordinate grid overlay in- 
cluded. The 16 charts are permanently bound in a 
heavy cloth cover, 16!/2 by 23 inches, with color chart 
key on a foldout flap. $9.75 


ATLAS ECLIPTICALIS 1950.0 
By Antorin Becvar 


A bound set of 32 star charts, each 17/2 by 24 inches, 
covers declinations between +30° and —30°, complete 
to magnitude 9.0, scale two centimeters per degree, 
epoch 1950.0. Spectral classes are shown by color. 
See page 161 of the January, 1959, issue for further 
description. Place your order with us and allow time 
for its transmission to the publisher in Czechoslovakia, 
from whom the atlas will be shipped directly to you. 

$17.00 


MAKING YOUR OWN 
TELESCOPE 


By Allyn J. Thompson. Tens of thousands of amateurs 
are using this basic book on telescope making. Here 
are complete step-by-step directions for making and 
mounting your own 6-inch reflecting telescope at low 
cost. This telescope can use magnifications up to 300 
times. In easy-to-understand chapters, you will learn 
how to grind, polish, and figure the mirror, and how 
to make an equatorial mount that will provide a sturdy, 
solid support for your mirror. 

211 pages, 104 illustrations (6th printing)... 


THE HISTORY 
OF THE TELESCOPE 


By Henry C. King. The first book to tell the ful! 
story of the evolution of the telescope. 456 pages, 196 
illustrations, extensive references. $7.50 


—Spacetlight 


Here is a popular yet authoritative magazine on 
rockets, astronautics, and space-travel astronomy, writ- 
ten especially for the layman, and edited by members 
of the British Interplanetary Society. 

Spaceflight is printed during January, April, July, 
and October. Please specify the issue with which your 
subscription should start. 


- $4.00 


Subscription in United States and possessions, Canada, 
Mexico, and Central and South America: $2.50, four 
issues; $4.50, eight issues; $6.00, twelve issues. Single 
copy, 75 cents. 


Write for descriptive catalogue. All items sent postpaid. Please enclose your check or money order. 
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stated that in spectral class GO the Ca II 
lines reach their maximum intensity. The 
diagram on the preceding page indicates 
that this state occurs at class KO. 

The authors have in large measure at- 
tained their goals. This text will appeal 
especially to those students, either in 
formal class or in individual study, who 
seek an understanding of the methods as 
as the astronomical 
science. The find it 
either for a terminal course, or as a sound 


well conclusions of 


teacher will useful 

basis on which to build a more detailed 

treatment. The book might well have 

been titled Elementary Astrophysics. 

R. WILLIAM SHAW 
Cornell University 


ASTRONOMICAL PHOTOGRAPHY 
AT THE TELESCOPE 


Thomas Rackham. Macmillan Co., New 
York, 1959. 231 pages. $7.50. 
HOSE familiar with astronomy and 


those knowing something about pho- 
tography will find this book of great ap- 
peal. Assuming that the reader has some 
background in both hobbies, the author 
proceeds to develop the sport of astro- 
nomical photography in a very interesting 
manner. 
Compared to the large number of books 
now available on telescope making, the 
amateur’s references on astrophotography 


are limited to one or two volumes. Mr. 
Rackham’s work is surely a welcome ad- 
dition. On the whole it is authoritative 
and explicit. 

He begins with a discussion of subjects 
within the reach of amateur 
giving briefly the characteristics of each 
object and an idea of what can be ex- 
pected from the reader’s labors. This is 
important, since the novice photographer 


cameras, 


is often quite disappointed with, for ex- 
ample, the tiny, fuzzy blobs that are his 
first planet images. 

Mr. Rackham carefully notes that his 
book does not treat large-area sky pho- 
tography, but is confined to solar, lunar, 
and planetary work, together with certain 
compact deep-sky subjects, such as nebu- 
lae and The recommendations 
for equipment, exposures, and films are 


clusters. 


generally those for solar system objects, 
and will be of value particularly to lunar 
and planetary observers. 

The best feature of this text is that 
it is written by an amateur exclusively 
for amateurs. All too often books for 
the “6-inch f/8’ astronomer are_ illus- 
trated with discouragingly beautiful pic- 
tures of celestial objects taken with tele- 
scopes having apertures the size of the 
amateur’s kitchen table! Mr. Rackham 
stays entirely within the capabilities of 
the small telescope, and all the photo- 
graphs in this book were taken with his 


homemade 6-inch f/8 reflecting telescope. 

Chapter 2 is a fine piece of scientific 
explanation. Many an amateur scientist 
is nearly ignorant of photographic prin- 
ciples, feeling that trial-and-error results 


are sufficient. The mysteries of pho- 
tography — the relationships of exposure. 
density, speed, and contrast — are easily 


learned, providing an invaluable basis 
for using photography to best advantage. 
The time reading the 20 
pages on theory will be repaid many times 
in a firm knowledge of what happens in 
picture taking. 

Some qualifications must be added to 


short spent 


the author's statement, on page 34, that 





Available separately - 
GRAPHIC TIME TABLE 
OF THE HEAVENS — 1960 


A condensed and simple almanac for the 
entire year, giving the rising and setting 
times of the sun, moon, and brighter 
planets, and a wealth of other useful 
astronomical information. Printed on a 
heavy sheet, 17 by 11 inches. 

35 cents per copy 

(Discount rates on quantity orders) 

LARGE WALL CHARTS, 40 by 27 inches, are 
also available for $1.25 each, folded, and for 
$1.50 each, rolled. 


Order directly from — 
MARYLAND 
ACADEMY OF SCIENCES 
100 Cathedral Street 
Baltimore 1, Maryland 

















ASTROLA Reflecting Telescopes 


AMERICAN MADE — AVAILABLE NATIONALLY ON EXTENDED TIME PAYMENTS 


ance tests to be truly of the finest quality: 


by a neat diffraction ring. 


1. When using highest powers (after your telescope has reached 


images inside and outside of focus should be very nearly identical in appearance. 


4. You should separate or resolve close double stars to 
reach the absolute threshoid magnitude under dark sky conditions. 


HOW WELL SHOULD YOUR TELESCOPE PERFORM? 


If you have a Newtonian reflector, professional or homemade, it should pass the following perform- 


thermal equilibrium), the star 


2. On a night of good seeing, with high power you shouid see a symmetrical star image surrounded 


3. With really fine seeing, you should find Jupiter, Saturn, or other planetary images hard and 
sharply defined with the highest powers (50x to 80x per inch of aperture). 


the very limit of your aperture and 


If your reflector does not measure up to these criteria, your optical system needs improvement. We 





at Cave Optical Co. have specialized since 1952 in recorrecting or refiguring parabolic telescope mirrors 
of all sizes from 4 to 18 inches in aperture. Many hundreds of observers are now being thrilled with 
the beautiful performance and definition they are constantly obtaining from their mirrors refigured by 
us. Today there is no need to own a telescope less than perfect in optical definition. The extra pleasure 
you will get from such definition is worth many times the low refiguring cost. Our refiguring prices 
include complete polishing, figuring, aluminizing by Pancro Mirrors’ exclusive process, and the proper- 
sized pyrex elliptical diagonal of the highest quality. 


REFIGURING NEW PYREX MIRRORS 
f/5 through f/10 f/5 through f/10 
GR xc nacecucvercocssuods WOMENS a cccesdaccececdiescess $ 60.00 
Ce ee Mc ie wueaonnaees $ 92.50 
MOON is nb cc kevosGeucnrue: SEE do waceeasaccuswoetes $160.00 
alae 6 oars Seto vencenae oe ees SUES fics ca-vetcsear anes . $250.00 


Send for our new 1960 full-color complete catalogue and price list. 


and displa) 





California residents add 4% sales tax. When in the Los Angeles area, visit our shops 
rooms. Consult recent ads on our COMPLETE ASTROLA TELESCOPES. 


CAVE OPTICAL COMPANY 


4137 E. Anaheim St., Long Beach 4, Calif. Phone: GEneva 4-2613 


All-New De Luxe Model “B” 8-inch ASTROLA, f/7, 

with rotating tube, clock drive, setting circles, and 
3 oculars (85x, 210x, 360x, or 3 of your choice). 

$590.00 

plus $12.50 packing and crating charges. 
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r—Star Atlases and Books on Astronomy 
New: LAROUSSE ENCYCLOPEDIA 
OF ASTRONOMY Sees 
AMATEUR AST RONOMER’S 
HANDBOOK, by J. B. Sidgwick....$12.50 
OBSERVATIONAL ASTRONOMY FOR 
AMATEURS, by J. B. Sidgwick....$10.00 
ASTRONOMICAL PHOTOGRAPHY AT 
THE TELESCOPE, by T. Rackham $7.! 
OUR SUN, by D. H. Menzel sical 
THE MOON, by Wilkins and Moore..$ 
THE PLANET VENUS, by P. Moore..$3.75 
PHYSICS OF THE PLANET MARS, 
by G. de Vaucouleurs.... $10.00 
THE PLANET JUPITER, by B. Peek. $ 
Norton’s STAR ATLAS 
Webb’s ATLAS OF THE STARS 
BONNER DURCHMUSTERUNG... 
AMATEUR TELESCOPE MAKING 
Book 1, $5.00; Book 2, $6.00; Book 3, $70 
1960 HANDBOOK of the BAA..............$2.25 
Write for new free list on astronomical literature. 
Books on telescope making and glassworking. All 
books of any publisher mail your wants. 


HERBERT A. LUFT 


69-11 229th St., Oakland Gardens 64, N. Y. 


$15.00 























when the focal length is doubled the ex- 
posure must be quadrupled, due to de- 
creased image brightness. This is approxi- 
mately true for extended surfaces, but not 
for and the usual 
guiding errors will exaggerate the sizes 
of star images, thereby requiring longer 
exposures. For faint either 
kind, reciprocity failure of the emulsion 
also calls for lengthened exposure times. 


stars. Poor seeing 


objects of 


Telescopes and cameras are discussed 
in Chapters 3 and 4 in a manner inter- 
esting but Mr. Rack- 
ham speaks strongly on the merits of a 


reflector for photography, but he is some- 


at times confusing. 


what optimistic in discounting coma in 
This reviewer 


telescopes slower than [/5. 


Follow Artificial Satellites Graphically! i 


Mark the orbit of a satellite on this transparent celes- 
tial globe. Follow its precession and find its overhead 
position. 


date. Makes 


an excellent star chart, too. 


visualize the relation of your location to other places 
on the earth. 


Model ST-12---12’ celestial globe with 6” earth 
MN TMNNND: Sona scnucices sea sak ese Tere 50 : 
Model ST-20- -20’ celestial globe with 6’ earth : 
RNR NREUND, io. 5 a. 8-o Cs S554 s aR ERS CONTR $115.00 


Write for descriptive folder on all our globes. 


FARQUHAR 
TRANSPARENT GLOBES 


3724 Irving St., Philadelphia 4, Pa. 


Phone: EVergreen 2-2833 











Positions immediately available for: 





camera systems. 
evaluation desirable. 


/ 


Phone 


mtervieu 


1605 TRAPELO RD. 





Itek Corporation specializes in advanced research, development, and manufacture 
of reconnaissance systems and information processing systems, particularly those 
which store and deliver graphic information. 


OPTICAL TECHNICIANS 





For non-ophthalmic, large-diameter precision optical work on_ high-resolution 
Experience in aspherics or in precision lens assembly, test and 


appointment or send resume in 


ltek Corporation 


WALTHAM 54, MASSACHUSETTS 


confidence to Technical Placement Director, 


PHONE: TW 3-8700 
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The globe is easily oriented for time and : 
The ter- : 
restrial globe is also transparent, so you can easily : 





has found coma a great problem in using 
35-mm. film at the prime focus of a 12- 
inch f/4.3 reflector. The average amateur, 
however, will have less trouble with the 
image aberrations of his 6-inch f£/8 than 
he will with the British terminology used 
to describe mounting and camera parts. 

Indeed, the English viewpoint is evi- 
dent everywhere, especially in the detailed 
instructions on building a 35-mm. camera. 
It is probable that an American amateur 
will forsake construction of a camera, 
using instead an inexpensive second-hand 
camera body. 

The moon is usually the first photo- 
graphic target, and the author carefully 
distinguishes between photography of the 
full moon and the phases. Other writers 
have mentioned changes in exposure 
time required for different phases, but 
few add the important recommendation 
that the kind of film also be changed. 
Slow, high-contrast films (Kodak Micro- 
file) yield fine results when the moon is 
full. But they have inadequate exposure 
latitude to handle the very high bright- 
ness range presented by the crescent 
phase, where slightly faster films of lower 
contrast’ (Kodak Panatomic-X) are pre- 
ferred, 

Mr. Rackham remarks that little is to 
be gained in enlarging the lunar image in 
the telescope when seeking maximum 
definition (page 121); he may be unduly 
influenced by his small telescope aper- 
ture or poor seeing. Certainly, with larger 
apertures and correspondingly shorter ex- 
posures, it is usually advantageous to re- 
cord as large an image as possible, thereby 
minimizing the effects of grain and other 
losses in the emulsion. A microscope 
objective as an enlarging lens will often 
maintain high-quality images at long ef- 
fective focal lengths. 

The chapters on solar and planetary 
photography are informative and excel- 
lently illustrated. The photographs of the 
planets show honestly the capabilities and 
the limitations of the small telescope. 

In the last chapters, there is a clear ex- 
planation of color filters, concluding with 
some good advice on darkroom opera- 
tions. Good pictures are made not by 
expensive equipment but by careful 
technique and attention to detail. Dirt is 
the photographer’s bugaboo, but proper 
washing, drying, and film handling help 
to minimize difficulties. 

‘The appendix contains useful examples 
of calculations on exposure and image 
size, as well as more detail on specific 
film-developer combinations, the latter in- 
formation needing some translation be- 
fore it is of value to American amateurs. 

The book contains no instructions re- 
garding record keeping, a vital require- 
ment in astrophotography. However, 
neither this nor other critical comments 
should detract greatly from a firm recom- 
mendation of this book. 

GEORGE T. KEENE 
Rochester Academy of Science 




















— FIRST STEP TO FINER PERFORMANCE! 





















Easy, Low-Cost Way © ecitenseien I co 
To Eni Thrill | | Rack-and-Pinion 
joy " Mirrors | Eyepiece Mount 
Of Astrophotography } The most important part | The most mechanically 
fi -le pe p z ocusing is by l 
Convert your present 35-mm. camera of a reflector telescope perfect focusing is by rack 
ith thi dapter | is the precisely fi d H ind pinion. This mount 
wi is new adap mirror. A mirror waite takes standard 114” eye 
; spheri 1 pi 314” 0 vel 
Developed by Criterion especially for single- ] i ierical surface suf | pieces. Full ot oe ve 
reflex 35-mm. cameras with interchangeable fers from spherical aber- mots yy ever before. f c 
lens. Simply remove present lens mount and | ration, so it must, be | commodates almost bes “YPC S | 
add this precision-made achromatic lens that altered to a paraboloid I i ho ne ue “eer } 
adapts camera to eyepiece of any telescope | to focus all the light é teu Setienines focusing | meet 
refractor or reflector. When ordering, rays in each bundle to the same point. Con- variably tensioned and positioned. é 
sure to specify make of your camera | siderable skill is required to parabolize a fine Solid cast-metal sliding brass 
cacae bs ai as ee ee i properly ion Custom mirro she —— elose ol = preve ts oosen 
: : W-TYPE len lirror properly. Criterion Custom mirrors are tube close tolerance preven | 
For re mm, cameras with SCREW-TYPE lens | nade of the best pyrex glass, selected for free- | Mount aligns itself to any type ube. 
eu lom f -rnal stre 1 st and of nounting hole t 1 bolts in 1 
#OCPA.2 piles th creas : dom from internal stress anc rain, anc mounting holes, nuts and bolts inc led. 
Cat. a ae gO tO! WA pe ee holders..$19.00 | the correct thickness for each size, parabolized I mount has square-rod-type diagonal holder 
Cat. #CPA-37 for 4” standard by craftsmen and tested by Ronchi and Fou- which prevents loose alignment and vibration. 
= Dymascopes s..sessssssssssesesseersssseesseceeee vss $17.50 l cault tests, as well as by diffr raction rings and ; Rod tempered to minimize temperature changes. 
For 35-mm. cameras with BAYONET-TYPI resolution of double stars. They are aluminized | Adjustable for 3” to 8” scopes, also 12” scopes 
lens mount : | and overlaid with zircon quartz. Each is if so specified at no extra cost. Order one or 
Cat. BPA-36 for 1,” eyepiece holders..$22.50 guaranteed unconditionally, and to perform to | more of the complete eyepieces described below 
Cat. #BPA-37 for 4” standard | » limit of resolution for its size. at the same time you send for this rack-and- 
Dynascopes. ........-..-.04-- seeeeaeeeeeeeenaeeaaenees $21.00 sds H pinion device, which accommodates any of our 
N : | 4” pyrex, f.1. approx. 40” ............00 $31.00 eyepieces perfectly. 
ew: i 6” pyrex, f.1. approx. 54 coe $45.00 | Cat. #SU-38 $7.95 postpaid 
8” pyrex, f.1. approx. 64” ............. $89.00 ‘ 
Dyn-o-Astro | oe at PE wi $179.00 | New Model Eyepiece Mount 
35-mm. Camera 10” pyrex, f.1. approx. 80” ...rssssnreeen > Same features as above but has wider base that 
j | 12” pyrex, f.1. Approx. 96” .....:<s0«0 ve $275.00 l 1S cuamenes to match the curve of a 7” to 8” 
at less A ta he Sens nae: abe diameter tu Makes professional a ppearance. 
A tolerance of ® in focal length is Custom | Bicscishadiwei pha it Diagonal Rod #SU “OR $9.95 
than regular ary. A deposit of 14 is required with orders 
R Pa aye : Diagonal Rod — Cat. #SU-9R $1.00 
price of for 8” to 12” mirrors. i 


Reflecting Telescope 
No need to be an expert Mirror Mounts 
photographer to take ex- 
citing astrophotos with this sing/e-reflex-type, 
precision-made 35-mm. camera. No compli- 
cated settings. No plates or filmholders to important. Criterion mounts 
load and unload. No worries about missing are especially well designed, 


target. Large focusing screen shows you exact/) j and are made of cast alu- 


Mounting the mirror to 
your scope correctly is most 





what you are shooting, right up to moment minum with brass mount- 


you take the picture. Includes such advanced ing and adjustment screws. One section fits 
features as: tube, other section holds mirror. Alignment Custom 
— No accidental double exposures. Winding accomplished by three spring-loaded knurled Achromatic 
knob automatically advances film, posi- adjusting nuts. Outer cell designed to fit into 
tions mirror, winds shutter, counts ex- or over your tube. Sufficient space left be- Objectives 


tween the two cells. Al! drilled and tapped. 
Complete with holding clamps, springs, nuts, 
etc. Ready for use. Will prevent vibration 
and hold alignment once set. Wéill hold mir- 
ror without distortion of su irface figure. 

24 $3.00 6" ... $6.00 
‘ . 3.50 sf . Va58 
* .. 4.00 10” .. 14.75 


posures. 

— Dual-speed setting knob controls both 
fast and slow shutter speeds. Color cod- 
ing makes mistakes impossible. 

— Integrated magnifier for critical focusing 
even on dim objects. 

Takes time exposures and also has speeds up 


to 1/500 second. Guaranteed for 2 years. Con 


and Sunshade 


Criterion Custom Series Achromatic Objectives 
are of the high iest precision quality, tested and 
approved and acclaimed to be superb in every 
respect. Equipped with sunshade and dewcap. 


FEATURES 
plete, ready for use. ee eae es een meee ese @ Perfect color correction at the wave lengths 
Model CP-35 fits 114,” eyepiece holder P ae + of the C and F spectral lines, best for visual 


$89.00 postpaid 


Model CP-36 fits all standard 4” Dynascopes 
$85.00 postpaid Complete 





observing. Scientifically designed, corrected 
by master craftsmen. 

@ Delicately hand-corrected to fullest minimi- 
zation of residuals, and to eliminate spheri- 
cal aberration. 

@ Air-spaced to very critical optical formula. 

@ Magnesium-fluoride coated on all surfaces 
for maximum light transmission. 

@ Cell engraved with effective focal length 
and completely threaded. 

@ Sunshade extension with dewcap on all sizes. 

Cat. + Clear Aperture Focal Length Price 

$-210 60 mm. (2.4) 910 mm. (35.8’’) $19.95 


Dyn-o-Swing Camera Sopport Reneeanes 
fits any 4’ or 6” 
telescope 

without drilling! 





Finest quality. They are precision machined, 
mounted in standard 114” outside diameter 
barrels; 72” O.D. also available at no extra 


cost. Can be taken apart for cleaning. De- i 





signed to give sharp flat field clear to edge. 





duygens 18-mm, f.l. (3”) dieters eee j 

Kellner 9 pt fl. (3%) efasteccuntgaeal 7.90 $-220 ss 1250 mm. (49.2") 52.00 
Kellner 7-mm. £1. (9/32”) . 8.50 $-230 4 1600 mm. (62.9’’) 95.00 
Kellner 12.7-mm. f.]. (144) oe 9.50 —— ee eee ee ee ee ee ee ee ee ee ee 


Orthoscopic 6-mm. 
Orthoscopic 4-mm, Four-Vane 


Diagonal Holders 


Criterion 4-vane diagc 





Revolving 
mountings are fully 
justable, will hold ellip 
Turret tical diagonals in perfect 


ent. Made of brass 
remically blackened. Pre 
ijusting screws 





The Criterion Revoly 
ing Turret holds three 
eyepieces so that, as 
desired, the power of 
the telescope can be 
changed by merely turn 
ing the turret to a dif 
ferent ocular. Click stop 
insures positive and accurate positioning of 


c 
cision ac 
center flat and vary its 
angle so that primary 
and secondary mirrors can 


I 
I 
I 
I 
be set in perfect align- 
I 
I 
I 
I 
I 







Takes guesswork « : ; 

of pochceeritibesaten a by pro <a rAP 
viding precise centering of cam z= 
era over eyepiece. Smooth rack-and- 
pinion adjustment. Easily attached or detached 
from tube, with rigid clamp for maximum sta- 
bility. Special arm lets you swing camera 
away from eyepiece for visual observation, 
with instant return for photographing. Can 
be used with almost any camera. Postpaid. 
Cat. #CS-4 to fit all i” Dynascopes $17.50 





ment. Thin vanes with 
special adjustable studs. 





r 
each eyepiece. Turret holds eyepieces of stand- 
ard 114” outside diameter. Fits into the holder 
of any refractor or reflector telescope that uses 
114” eyepieces. Requires no alteration or ad- 
justment and can be attached as easily as put- 


Cat. Minor-Axis Size For Tubes Price 
$-51 LP ay 62" to 72" $10.00 
$-52 1.30’ 62" to 72" 10.00 
$-53 1.50 8/2" to 9V/2"" 10.00 





Bien sc. conieeemeaialeddine 


Cat. #CS-47 to fit all 43,” O.D. tubes..$18.95 ting eyepiece into scope. Made of nr ‘and S-54 LP is 92" to 10/2" 12.50 
Cat. #CS-67 to fit custom 6” Dynascope aluminum with polished chrome-plated barrels. S-55 2.00’ 11” to 112” 14.95 
BE Tg OD CO ovis jwscscncsersazsaset $19.95 Cat. #SRT-350 $14.50 $-56 2.50” Specify tube |.D. 19.95 


Catalog F, describing other accessories and 

parts, cheerfully sent on request. Satisfaction 

guaranteed, or money refunded. All items sent CRITERI N RA URI R 
wuss postpaid. We pay all postage costs. No ship 


ping, crating or packing charges. Send fom Manufacturers of Dept STP-21. 331 Church St Hartford 1, Conn 
. , oy ’ ° 


cash, or money order for immediate delivery. Quality Optical Instruments 
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It takes only $12.50 down to own this UNITRON 


Little wonder that the UNITRON 2.4” Altazimuth Re- 
fractor has long been America’s most popular low-priced 
refractor. 


For UNITRON and only UNITRON combines unexcelled 
optical and mechanical performance with exclusive fea- 
tures designed to increase your observing pleasure. As 
an example, take UNIHEX — the Rotary Eyepiece Selector 
which relieves you of the burden of fumbling with eye- 
pieces in the dark. Or, perhaps your observing situation 
may call for the DUETRON Double Eyepiece, the erecting 
prism system, the Astro-camera 220, or the sun screen. 


Optically speaking, UNITRON Refractors duplicate the 
performance of larger telescopes of other types. Further- 
more, there are no mirror surfaces to become tarnished, 


UNITRON 


no secondary optics to cause diffraction patterns, and no 
folding of the light back on itself with consequent loss of 
definition. It is not surprising that you see more and see 
better with a UNITRON. 


The UNITRON 2.4” Altazimuth Refractor is priced at 
only $125 complete with tripod, sturdy mounting with 
micrometric slow-motion controls, four eyepieces, carrying 
cases, and accessories. Using our Easy Payment Plan, a 
mere 10% down payment of only $12.50 brings this 
UNITRON to you. 


With interest in astronomy at an all-time high, now is 
the time to treat yourself to a UNITRON. After all, you 
deserve the very best. 


See the back cover. 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET 


BOSTON 9, MASSACHUSETTS 





244 Sky anp TeLescopr, February, 1960 

















The Logical Choice for You — a UNITRON Refractor 








MANY Models To Choose From! 


2’ SATELLITE ($7.50 Down) 6x, diagonal $75 
eyepiece, altazimuth mount with circles, stand 

1.6” ALTAZIMUTH ($7.50 Down) $75 
with eyepieces for 78x, 56x, 39x 

2.4’ ALTAZIMUTH ($12.50 Down) $125 
with eyepieces for 100x, 72x, 50x, 35x 

2.4” EQUATORIAL ($22.50 Down) $225 
with eyepieces for 129x, 100x, 72x, 50x, 35x 

3’ ALTAZIMUTH ($26.50 Down) $265 
with eyepieces for 171x, 131x, 96x, 67x, 48x 

3’’ EQUATORIAL ($43.50 Down) $435 
with eyepieces for 200x, 131x, 96x, 67x, 48x 

3’ PHOTO-EQUATORIAL ($55.00 Down) $550 


with eyepieces for 200x, 171x, 131x, 96x, 67x, 48x 

4’ ALTAZIMUTH ($46.50 Down) with $465 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x 

4’ EQUATORIAL ($78.50 Down) with $785 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 

4’’ PHOTO-EQUATORIAL ($89.00 Down) with $890 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 

4’ EQUATORIAL with clock drive $985 
($98.50 Down), Model 160V, eyepieces as above 

4’ EQUATORIAL with clock drive and metal $1075 
pier ($107.50 Down), Model 166V, eyepieces as above 

4” PHOTO-EQUATORIAL with clock drive and $1175 
Astro-camera ($117.50 Down), with eyepieces 
for 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 

4" PHOTO-EQUATORIAL with clock drive, pier, $1280 
Astro-camera ($128.00 Down), eyepieces for 375x, 
300x, 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 

5’ PHOTO-EQUATORIAL with clock drive and $2275 
Astro-camera ($227.50 Down), eyepieces for 500x, 
400x, 333x, 286x, 222x, 160x, 111x, 80x, 50x, 33x 

6’ EQUATORIAL with clock drive, pier, $5125 
2.4” view finder, with eyepieces for 625x, 500x, 
416x, 357x, 277x, 200x, 138x, 100x, 62x, 42x 


6’ PHOTO-EQUATORIAL as above but with $5660 
4” guide telescope, illuminated diagonal, 
UNIBALANCE, Astro-camera Model 330 

6” PHOTO-EQUATORIAL as above with $6075 


addition of 3’ Astrographic Camera Model 80 


A UNITRON FOR EVERY BUDGET 


With 18 models to choose from, there is a 
UNITRON fo fill every need, at a price to fit 
every budget. Using UNITRON's Easy Pay- 
ment Plan, a down payment of only 10% 
puts you at the controls. UNITRON Instru- 
ments are fully guaranteed for quality, work- 
manship, and performance — you may order 
with complete confidence. 
@ LENSES are FULLY CORRECTED for spherical and 
chromatic aberration and are COATED for maximum bril- 
liance and clarity of image. Optics especially designed 
for astronomical observation. AIR-SPACED OBJECTIVES. 
@ EYEPIECES of the HIGHEST QUALITY: Orthoscopic, 
Achromatized Symmetrical, Kellner, Huygens. Three to 
ten eyepieces included with each instrument. 
@ EQUATORIAL MODELS have slow-motion controls for 
both declination and right ascension as well as rapid- 
motion controls. Sturdy TRIPOD (or PIER). 
@ ALTAZIMUTH MODELS have slow-motion controls for 
both altitude and azimuth as well as clamps for both 
co-ordinates. Sturdy TRIPOD. 
@ Choice of UNIHEX Rotary Eyepiece Selector or STAR 
DIAGONAL and ERECTING PRISM for TERRESTRIAL OB- 
SERVATION. 
Higher- and lower-power eyepieces 
ll models. Prices include bi accessories, tripod 
1 mounting, fitted wooden cabinets, and operating 
clions. Idditional accessories available to add 
observing pleasure. 


available for 


a 








further to your 


HOW TO ORDER A UNITRON 


Send check or money order in full or use our Easy Pay- 
ment Plan, as described below. Shipments made express 
collect. Send 20% deposit for C.0.D. shipment. 
UNITRON instruments are fully guaranteed for quality, 
workmanship, and performance, and must meet with 
your approval or your money back. 


Use Our EASY PAYMENT PLAN 


UNITRON’s popular Easy Payment Plan is a convenient 
and economical way to buy your UNITRON Refractor 
when you do not want to disturb your savings or when 
you haven’t the total cost of the telescope immediately 
available. The down payment required is 10%. The 
balance due is payable over a 12-month period, and 
there is a 6% carrying charge on the unpaid balance. 
Your first payment is not due until 30 days after you 
receive the instrument, and if you should want to pay 
the entire balance due at that time, the carrying charge 
is canceled. (6° models available on special plan.) 








New UNITRON View Finders 
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UNITRON’s popular view finders with newly designed optics and mechanical features are better than ever; 
from left to right: 23.5 mm., 30 mm., 42 mm. 


1. VIEW FINDER (As used on UNITRON 2.4’ Models): 
23.5-mm. (.93’’) achromatic objective, 6x eyepiece with 
crosshairs. Chromed brass tube. Mounting brackets with 


centering screws Only $8.50 postpaid 


2. VIEW FINDER (As used on UNITRON 3” Refrac- 
tors): 30-mm. (1.2’’) coated achromatic objective and 
8x eyepiece with crosshairs. Other details as in View 


Finder 3 Only $10.75 postpaid 


3. VIEW FINDER (As used on UNITRON 4” Refractors): 
42-mm. (1.6’’) coated achromatic air-spaced objective. 
10x eyepiece with crosshairs. Duralumin tube finished 
in white enamel. Dewcap. Furnished with mounting 
brackets, centering screws for collimation, and mounting 
screws. This finder measures approximately 16’ over- 
all. It is light in weight, compact and small enough for 
use as a hand telescope furnishing spectacular wide-field 


views of the sky. 
Only $18.00 postpaid 


INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC COMPANY 


204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 





YOURS FOR THE ASKING 
1960 Julian Day Calendar 


The American Association of Variable Star Observers 
distributes, each year, a Julian Day Calendar to its mem- 
bers. Again, this year, UNITRON has prepared and 
printed the 1960 calendar for the AAVSO. Some 6,000 
copies have also been mailed to secretaries of Astro- 
nomical League societies for distribution to their mem- 
bers. 


The Julian date, as you know, is widely used by 
astronomers. An important advantage is that observa 
tions made during a particular night are usually included 
in the same Julian day. It provides a useful and logical 
method of recording astronomical data. The calendar 
gives the phases of the moon for each month, also the 
conventional date. 

A copy of the 1960 Julian Day Calendar is yours for 
the asking. Print your name and address in the coupon 
below and mail it to us. If you are reluctant to muti- 
late the magazine, copy the coupon on a postcard and 
mention Sky and Telescope. Please be sure to print 
your name and address legibly. Supplies are limited, so 
write without delay. 


Please send me the 1960 Julian Day Calendar. 


Get UNITRON’s FREE 





Observer’s Guide and Catalog on 


ASTRONOMICAL TELESCOPES 


This valuable 38-page book 
is yours for the asking! 





With artificial satellites already launched and space 
travel almost a reality, astronomy has become today's 
fastest growing hobby. Exploring the skies with a tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON’s handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both beginners and advanced 
amateurs, 







Contents include — 


Observing the sun, 
moon, planets and 
wonders of the sky 


Constellation map 

Hints for observers 
Glossary of telescope terms 
How to choose a telescope 


Amateur clubs and research 
programs 






INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET *« BOSTON 9, MASS. 





Please rush to me, free of charge, UNITRON’s new Observer's 








Guide and Telescope Catalog 20.7. 
i Name | 
i EE 

City State E 





he cee cue cap em eu au ee eee oe ol 


February, 1960, Sky AND TELESCOPE 245 














|_ TELESCOPE HOBBYISTS 














RECISION OPTICAL 
SUPPLY CO. 
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MONEY-BACK GUARANTEE 


HOME 
INSPECTION 
OF THE MOST 


PERFECT 
TELESCOPE 
PARTS & KITS 
EVER MADE! 
NG KITS 
oR MAKI 50 


uP 










MIRR 


ful precision 
a ee POuality supplies 
tele 


and instru uctions: 










Hard Over-coated 


ALUMINIZING 
$35 450 


YO 

> UR MIRROR TESTED FREE 

Goes iccting Surface, 
t to peel of blister, 






44 







EYEPIECES — CELLS — PRISMS 
BINOCULARS — TUBES 






ORTHOSCOPIC EYEPIECES 
Highest Quality © Made in U.S.A. 


Special four-element design, with fluo- 
ride-coated lenses, gives a wide flat 
corrected field. Standard 144” O.D. 











— E.F.L. 6, 8, 12, 16, and 24 mm. 
Postpaid $15.95 
PRECISION 
TRI-TURRET ] 


Holds 3 standard 144” 
O.D. eyepieces. Smooth 
turn to grooved notch 
aligns eyepiece precise- 
ly, ready to focus for 
various powers. Suitable 
for reflectors or refrac- 
tors. $15.75 


Write today for FREE Catalog. 


PRECISION OPTICAL 
SUPPLY CO. 


1001-T £,163 St., New York 59, N. Y. 




















GLEANINGS FOR ATM’s 


CONDUCTED BY ROBERT E. COX 


A 20-INCH REFLECTOR BUILT IN BRAZIL — I 
OUR YEARS of intensive work were ‘Technology, where he was working on 
required to complete the largest tele- the 200-inch Hale telescope project. ‘This 
scope in Brazil, a 20-inch Newtonian- aroused my interest, and eventually led 
Cassegrainian reflector. So far as I know, to the design of the 20-inch instrument. 
it may be the largest astronomical in- During this very extended undertaking, 


I was greatly aided by Abram Szulc, who 
did almost all of the optical work. The 
primary mirror is {/6, giving a Newtonian 
focal length of 120”, but as a Cassegrain- 
ian it is 480”, or £/24. Before these speci- 
fications were finally design 
studies were made of 56 optical combina- 


strument built entirely in South America. 

This reflector, pictured below with the 
refractor that its guiding tele- 
scope, has been installed in Sao Jose dos 
Campos, at the Centro Tecnico de Aero- 
nautica. Another identical reflector was 
made at the same time, being my property 


8-inch is 


adopted, 


and at present in storage in California. tions, covering eight Newtonian f-ratios 

Actually, I am neither an astronomer and seven Cassegrainian amplifications. 
nor a professional telescope maker, but The primary and secondary mirrors, as 
a mechanical and aeronautical engineer well as the Newtonian diagonal, were 


made of pyrex glass. 

Mounted piggyback on the Brazilian 
reflector’s tube, the 8-inch refractor is a 
sizable telescope in its own right. It has 


whose is the kinematic design of 
precision instruments. More than 20 years 
ago, I was acquainted with the late Rus- 
sell W. Porter at California Institute of 


hobby 


In the workshop, temporary wooden piers were erected for assembling the 
20-inch Bradley Young reflector and its 8-inch guiding telescope (top). Still to 
be installed when this picture was made were the eyepiece assemblies, the 
Newtonian diagonal, and the Cassegrainian secondary’s mounting. At the left, 
Abram Szulc holds the six-button control box, while in the center a shop 
assistant works on the declination drive motor. This view is toward the west 
side of the mounting, the south polar axis support being elevated. All illus- 
trations with this article were supplied by the author. 
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a two-element achromatic objective, made 
from heavy crown and dense flint glass 
manufactured by the English firm of 
Chance Brothers, Ltd. The focal length 
is 128”, corresponding to f/16. 

After preliminary design studies were 
made of six different mountings, followed 
by detailed analyses of two of these, a two- 
pier English-type equatorial was chosen. 
It has the great advantage of permitting 
uninterrupted observing of an object while 


Orientation of the polar 
axis is accomplished 
with this assembly at 
the south bearing. The 
round capstan nut in 
the vertical yoke cast- 
ing, together with its 
companion on the far 
side of the axle, con- 
trol the elevation of the 
polar axis by acting on 
the heavy vertical screws. 
Azimuth can be changed 
by turning the bolt just 
above the base plate 
(lower left). 


it passes across the meridian, and hence is 
very convenient for long-exposure astro- 
nomical photography. 

The polar axle, however, must be espe- 
cially rigid. Here it is made of 1” welded 
steel sheet with 3” internal bulkhead rings, 
a large central section being fitted into 
tapered end portions. For even greater 
rigidity, this construction is reinforced 
by an inner seamless steel tube 43” in 
diameter, with a 3/16” wall thickness. 


At the bearing position at each end of 





The central barrel of the lower part 

of the telescope tube is seen here be- 

fore the welding of the outside cover 

sheets. At the lower left is the plate 

for attachment to the declination-axis 

assembly. The mirror-cell position is 
at the top. 





the polar axis, a quill shaft of forged 
steel, machined all over, was pressed into 
the inner 43” tube. The rotation at each 
end is on two 7” ball bearings carried in 
a cast-steel case, which is mounted in a 
heavy trunnion fitting. The south (upper) 
trunnion has provision for convenient 
alignment of the polar axis in azimuth 
and elevation. 

The declination-axis assembly is of sim- 
ilar construction to the polar axis, with a 


a 


43”-diameter seamless steel tube. Radial 
loads on the upper end are carried by a 
roller bearing over 9” in diameter, and 
axial loads are borne by a 7” ball bearing 
at each end of the declination axle. 

A conical steel housing joins the polar- 
axis housing to the large steel plate on 
which the declination driving mecha- 
nism and declination counterweights are 
mounted. A steel casting bolts into the 
plate in the barrel of the main tube and 
joins it to the polar-axis housing. 

To insure stability, the main lower por- 
tion of the reflector’s tube is a double- 
walled cylinder of 3/32” welded steel, 
with five internal bulkhead rings of )” 
and 3” steel plate. The front skeleton 
extension has six duralumin tubes, each 
2” in diameter with a wall thickness of 
i”, ‘The four cast-aluminum rings are 17” 
apart, with diagonal bracings of 3/16” 
stranded-steel aircraft cable. 

The telescope is driven in right ascen- 
sion by means of a special 360-tooth 
bronze worm wheel about 30” in diame- 
ter, mounted just in front of the north 
bearing of the polar axis. ‘he worm, 
1.875” in diameter, is supported on two 
double ball bearings, in a mounting that 
is hinged against the trunnion housing, 
as illustrated on page 251. Two springs 
support the mounting and force it into 
contact with the worm gear in such a 
manner as to eliminate all backlash. 

Three independently controlled revers- 
ible electric motors of 1/10 horsepower 
operate the right-ascension motions, one 
for tracking, one for slow motion, and 
one for slewing rapidly to any part of 
the sky. The motors and associated gear 








UNIVERSAL RACK-AND- 
PINION FOCUSERS 


For reflectors or refractors. 


Take standard 114”-diameter eyepieces. Spe- 
cially designed base fits any tube 5” or more in 
diameter. Carefully machined aluminum and 
brass construction permits critical setting. 
Slotted extension tube holds eyepiece firmly 
and gives sufficient working distance for Bar- 
lows. $9.95 postpaid 


MIRROR 
CELLS 


Solid cast alumi- 
num, fully adjust- 
able, painted, com- 
plete and ready to 
use. Shipped post- 
paid. 





6” mirror cell for 7” or larger tube ...... $6.75 
8” xs 9” ot iextcg ee 
10” = 1134” iS . 15.95 
igre 1414” +s . 20.95 


PYREX MIRROR-MAKING KITS 


With new velvet-finishing tools. 


$5.70 postpaid 


4Y,” diameter . 
& o 9.50 postpaid 


s” A oe ea shipped collect 
10” 1 . . . 21.75 shipped collect 
1214” ‘ - . « 41.25 shipped collect 


Kits include five abrasives with our special 
superfine finishing abrasive for superior fine 
grind, selected pitch, cerium oxide, pyrex 
mirror, and velvet-finishing tool (heat resist- 
ant, approximate hardness of pyrex). C.O.D.'s 
accepted. 


Used telescopes, binoculars, microscopes, and 
optics bought, sold, or exchanged. 


Write for free catalog. 


NYE OPTICAL CO. 


2100 Cherry Ave., Long Beach 6, Calif. 














Tilieclaste. 


Optical Systems 





Prototypes or production runs 
in Cassegrain or catadioptric 
forms — short and long focus 
— have been satisfactorily 
supplied. If you have a prob- 
lem, we will be pleased to 


discuss it. 


ERSON 


OPTICAL COMPANY, INC, 


Ocean Springs, Mississippi 
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Mounted in 
ALUMINUM 
CELLS 


MOUNTED AIR-SPACED 
TELESCOPE OBJECTIVES 


34" (clear) DIAMETER 











as { UNCOATED $28.00 

£/15—18” focal lengtl ) COATED 32.00 
4%" (clear) DIAMETER 

fe ap § UNCOATED $60.00 

f/15 focal length ) COATED 69.00 


AIRSPACED OBJECTIVES 





“THOSE WHO KNOW” BUY FROM US BECAUSE: 
Each lens is thoroughly tested and guaranteed to re- 
solve to Dawes’ coral _They are corrected for the C 
and F lines (second chromatic aberration). The 
zonal spherical sberretie on and the chromatic variation 
of spherical aberration are negligible. The cells are 
machined. to close tolerances so that they fit directly 
over or into our standard aluminum tubing, elimi- 
nating any mounting problems. Test a lens, or have 
anv qualified person test it; we are certain that you 
will be satisfied. If not. take advantage of our 
money-bac uarantee. We offer the lowest priced, 
, precision, American-made astronomical 

ve, mounted in an aluminum cell. Our repu- 
tation for high-quality lenses has established us as 
the most reliable source in the industry. 











We can supply 
ALUMINUM 
TUBING 











NEW! 6” LENSES 


AIR-SPACED TELESCOPE OBJECTIVES 
6” (clear) DIAMETER 


Hard-coated on 4 surfaces 


INTE 175.00 
1/1060" focal length | UNMOUNTED 150.00 
#/18—90" focal length { MOUNTED. .......17E&S 





. 
Mounted Eyepieces 
The buy of a lifetime at a great sav- 
ing. Perfect war-surplus lenses set in 
aluminum 








ick-anodized standard 





” O.D. mounts 

F.L. TYPE PRICE 
6 mm. (1/,”) Ramsden $ 4.75 
12.5 mm. (14”) Ramsden . 4.50 
12.5 mm. (14”) Symmetrical . 6.00 
16 mm. (54) Erfle (wide-angle) . 12.50 
16 mm. (52”) Triplet . 12.50 
18 mm. (3/,”) Symmetrical 6.00 
22 mm. (27/32”) Kellner 6.00 
27 mm. (1-1/16”) Kellner 4.50 
32 mm. (11/,”) Orthoscopic 12.50 
35 mm. (15.”) Symmetrical 8.00 
55 mm. (2-3/16”) Kellner 6.00 
56 mm. (21/,”) Symmetrical 6.00 


COATED LENSES 75 ce 


“Giant” 


nts extra. 


e e 
Wide-Angle Eyepieces 
ERFLE EYEPIECE (65° field) 
contains 3 coated achromats. 114” 
E.F.I clear aperture 2144”. Has a 





focusing mount with diopter scale. 
Will make an_ excellent 35-mm. 
Kodachrome viewer. Magnifies seven 
times $12.50 ppd. 
Same as above without diopter scale $9.95 
1%4”-diam. Adapter for eyepiece above $3.95 


, WIDE-ANGLE ERFLE (68° field) 
HO EY a IECE. Brand new; coated 114” 


Focusing mount. 3 perfect 





eer 1-13/16” aperture .... $13.50 
1%4”-diam. Adapter for eye- 
piece above $3.95 


WIDE-ANGLE ERFLE 11” E.F.L. Brand new; 


contains Eastman Kodak's rare-earth glasses; aperture 
2”; focusing mounts; 65° fiel sae $22.50 
1%4”-diam. Adapter for eyepiece above $3.95 


An Economical Eyepiece 


This mounted eyepiece has two 
magnesium-fluoride coated lenses 29 
mm. in diameter. It is designed to 
give good eye relief. E.F.L., 14%4”. 
Cell fits 1144” tube. 


Coated $5.90 ppd. Not coated $5.25 ppd. 


Rack-&-Pinion Eyepiece Mounts 








Here is a wonderful opportunity 
for you to own a most mechani 
cally perfect Rack-&-Pinion Fo- 
cusing Eyepiece Mount with vari- 
ible tension and adjustment. Will 
accommodate a standard 114” 


For Reflectors 





eyepiece, positive or negative The body casting is 
made of lightweight aluminum with black-crackle 
paint finish, focusing tube of chrome-plated brass. 
Focusing tube for retractors has a travel of 4”, for 
reflectors 2”, and will fit all size tubing 


REFR/ AC TOR TYPE for 214” I.D. Tubing $12.95 ppd. 
for 314, ”1.D. Tubing 12.95 ppd. 
for 434" I.D. Tubing 12.95 ppd. 

REFLECTOR TYPE (less diagonal holder) 8.50 ppd. 

DIAGONAL HOLDER 1.00 ppd. 





@ FREE CATALOG @ 
“MILLIONS” of lenses, prisms, eyepieces, 


mirrors, binoculars, telescopes, parts and 


accessories. Write today. 
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Astronomical Mirrors 


These mirrors are of the highest quality, polished to 
Y4-wave accuracy. They are aluminized, and have a 
silicon-monoxide protective coating. You will be 


pleased with their performance. 


Diam. F.L. Postpaid 
Plate Glass 3-3/16” 42” $ 9.75 
Pyrex 4,” 45” 13.50 
Pyrex 6” 60” 25.00 
e 
Mirror Mount 


Cast aluminum. Holds all 
our mirrors firmly with metal 
clips. Completely adjustable. 
Assembled 








3-3/16"’ Mount fits our 414” tubing $4.00 ppd 
44" Mount fits our 5” — tubing.............. 4.00 ppd. 
ag Mount fits our 7” _ tubing.............. 6.50 ppd. 







GIANT “3” inch 


HIGH-POWER SCOPE 
AMERICAN MADE 


40 POWER 
ALL (-)) 


LENSES : 
COATED s 


Big 3”-diameter, achromat- 
ic, coated objective will give | 
you the brightest  crystal- 

clear images. Micrometer 

spiral focusing drawtube, | 
lightweight aluminum con- ¢ 

struction throughout, tough | 
black crackle finish. Length v 
open 22”, closed 1514”. Upright image. 
to perform flawlessly. 


TRIPOD FOR TELESCOPE ABOVE 

Sturdy, lightweight, all-metal, black crackle finished 
tripod. Ball-swivel joint allows easy directional ad- 
justments. Equipped with a standard 14 x 20 stud 
which will fit any photo tripod. Stands 11” high, 
weight 114 Ibs. Comes with web straps. $8.95 ppd. 


Special Coated Objective 


BIG 28” DIAM. — 40” F.L. — $6.00 


These achromatic objective lenses are tested and have 
the same high quality as Pay! Lenses’’ described below, 
except they are seconds for slight edge chips or small 
scratches only. Quality guaranteed. ONLY $6.00 ppd. 


Guaranteed 


$57.50 ppd. 


Coated Binoculars 


Beautifully styled imported binoculars. Precision made. 


LOW, LOW PRICES! 





American Type ““‘Zeiss’’ Type 
Complete with carrying case and straps. American type 
offers a superior one-piece frame and clean design. 


Size Field Type Center Ind. 
at 1,000 Focus Focus 
yards 
6x15 360 ft. Opera — $12.75 
6 x 30 395 ‘Zeiss’’ $18.75 16.75 
7x35 341 “Zeiss” 20.75 17.95 
7x35 341 American 23.50 — 
7x35 578 Wide- Angle 11° 35.00 — 
7x 50 372 ‘Zeiss’ 24.95 22.50 
7x50 372 American 32.50 _ 
8x30 393 **Zeiss’’ 21.00 18.25 
10x50 275 ‘*Zeiss”’ 28.75 26.75 
20x50 183 ‘*Zeiss’’ 33.75 31.75 


All prices above plus 10% Federal tax. 


CoA Monoculars 


Brand new, coated optics, complete 
with pigskin case and neck straps. 


Price Price 
6 x 30 $10.00 7x 50 . $14.75 
8 x 30 11.25 16 x 50 . 17.50 
7x35 12.50 20 x 50 20.00 


8-Power Elbow Telescope 


This M-17 telescope has a brilliant- 
image 48° apparent field — 325 feet 
at 1,000 yards. The telescope can be 
adjusted for focusing 15 feet to in- 
finity. It has a 2” objective, focusing 
eyepiece 28-mm. focal length 
with an Amici erecting sys- 
tem. Turret-mounted filters: 
clear, red, amber, and neu- 

tral. Lamp housing to illu- al 
minate reticle for nighttime ” 8x50 
use. Truly the biggest bar- 

gain you were ever offered. Original Gov't. cost $200. 
Not coated $13.50 ppd. Coated $17.50 ppd. 





“BIG” ACHROMATIC TELESCOPE OBJECTIVES 


We have the largest selection of diameters and focal lengths in the United States available for immediate 


dehicaty. 


crown and flint optical glass. Not mounted. 


These are perfect magnesium-fluoride coated and cemented Gov't. surplus lenses made of finest 
Fully corrected. 


Tremendous resolving power. 


@ We can supply ALUMINUM TUBING AND CELLS for the lenses below. @ 


Diameter Focal Length Each 
54 mm, (21%”) 254 mm. (10”) - $12.50 
54 mm. (21%”) 300 mm. (11.8”) 12.50 
54 mm. (214”) 330 mm. (13”) 12.50 
54 mm. (214”) 390 mm. (15.4”) ...... 9.75 
54 mm. (2%") 508 mm. (20”) 12.50 
54 mm. (21%”) 600 mm. (2314”) ...... 12.50 
54 mm. (214”) 762 mm. (30”) - 12.50 
54 mm. (2 5”) 1016 mm. (40”) 12.50 
54 mm. (21%”) 1270 mm. (50”) 12.50 
78 mm. (3- 1 16”) 381 mm. (15”) - 21.00 
80 mm. (314%) 495 mm. (1914”) - 28.00 
81 mm. (3-3/10") 622 mm. (2442”) -« 2250 


A. JAEGERS 


691 S Merrick Road 
4 i :) tele) Gam, Aue 
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Diameter Focal Length Each 
83 mm. (3144”) 660 mm. (26”) $28.00 
83 mm. (314”) 711 mm. (28”) 28.00 
83 mm. (3144”) 762 mm. (30”) . 28.00 
83 mm. (314”) 876 mm. (3414”) .... 28.00 
83 mm. (314”) 1016 mm. (40”) . 30.00 
102 mm. (4”) 876 mm. (3414”) .... 60.00 
108 mm. (4144”) 914 mm. (36”) - 60.00 
110 mm. (43¢”)* 1069 mm. (42-1/16”) 69.00 
110 mm. (43%%”) 1069 mm. (42-1/16”) 67.00 
128 mm. (5-1/16”)* 628 mm. (24%4”) 75.00 
128 mm. (5-1/16”) 628 mm. (24%4”) 85.00 


*Not coated 





We pay the POSTAGE in U.S. — C.O.D.'s 
you pay postage. Satisfaction guaranteed 
or money refunded if merchandise is re- 
turned within 30 days. 


























Through this compact gear train, sidereal motion is transmitted to the tele- 


scope, as well as fast-setting and 


box are mounted together on a tray placed 
within the concrete pier supporting the 
north end of the instrument. 

The tracking drive motor is double- 
ended, with one side connected directly 
to the input shaft of the gear train. The 
opposite end carries a flywheel with an 
adjustable moment of inertia. With this, 
the motor can be controlled to run at 
exactly 1,600 revolutions per minute by 
a master-slave pair synchrone-type 
pendulum clocks. Alternate and optional 
operation is also available through a 
temperature-contrelled quartz oscillator 
clock, the crystal frequency being 12 kilo- 
cycles per second. This is reduced through 
a series of multivibrator stages to give two 


of 


control outputs, of 60 cycles and one cycle 
per second, respectively. 

Both the and_ the 
svnchrone clock run on mean solar time, 
a four-gear conversion train producing 
sidereal time within approximately 0.02- 
second-per-day error. A listing by Alan 
Gee of standard stock gears providing 
such corrections can be found in Amateu) 


»99 


Telescope Making — Book II, page 3 


quartz oscillator 


The photograph shows the combined 
gear mechanism for the three right-ascen- 
sion motors. The long shaft at the lower 
left connects to the main driving motor. 
Next in the train is the short camshaft 
(upper left) of the Gerrish drive timer. 
The large gear in the center is driven by 
a worm on the pulley shaft in the left 
foreground, which is operated by the 
slow-motion control motor, to accelerate 
or retard the clock mechanism while guid- 


ing ona Star. 


slow motions in right ascension. 


To the right of the same large gear is 
the set of four pinions that convert from 


the solar to the sidereal rate, using the 





Precision Diagonals 


You will get the best possible per- 
formance from your telescope with one 
of our clear fused quartz diagonals. 
Accuracy guaranteed 1/20 wave. 


Ellipse 1.25'' x 1.77" 
Ellipse 1.5" x 2.12" 


$12.00 
$15.00 


Pyrex diagonals, 1/8-wave accuracy. 
Ellipse 1.25" x 1.77" $ 6.00 
Ellipse 1.5'° x 2.12" $ 9.00 
Without aluminum coating, deduct $1.00. 


Send for our complete list of supplies, 
quartz mirrors, blanks, oculars, 
| coatings, and accessories. 


E& W OPTICAL CO. 


2406 E. Hennepin Ave. 
Minneapolis 13, Minn. 











++4444++DELUXE PYREX++++++++ 
Reflecting Telescope Kits 


Our kits have PYREX mirror blank, PYREX 
tool the same thickness, ample supply of optical 
quality abrasives, fast-polishing cerium oxide, 
red rouge and pitch. Packed in metal cans. 


Size Thickness Price 

4%" yy" $ 6.00 

6” | $10.50 

8” WA" $18.75 

10” 134” $33.65 

12Y2" 24" $59.95 
ADD POSTAGE: ist and 2nd postal zones 
from Detroit, add 5%; 3rd and 4th, add 


10%; Sth and 6th, add 15%; 7th and 8th, 
add 20%. Or we will ship C.O.D. 


Send for free catalog of supplies, 
accessories, and refracting telescopes. 
ASHDOWNE BROS. 

18450 Grand River Detroit 23, Michigan 
444444-444644644464464446446466446464 


PLAN AHEAD FOR BETTER OBSERVING! 


Many ardent observers may have hesitated in the past to have their reflecting tele- 


scopes brought to the needed perfection for planetary and lunar work because of the 


delay involved and the consequent loss of observing time. Some lost time cannot be 


avoided, of course, but here is my plan to minimize this loss, and it enables you to 


realize the full capabilities of your instrument for all the years ahead. 


1. Make a 25% payment toward retouching your mirror. 


2. At such time as I am able to give you rapid service, I will notify you to send 


your mirror and flat. 


3. While your optics are being reworked, you can (if necessary) go ahead with 


other instrumental changes that will benefit the performance of your telescope. 


Some 


suggestions for this are offered in the booklet, The Reflecting Telescope, which is yours 


for the asking. 


RETOUCHING DEFECTIVE MIRRORS: 60% of new mirror price below. 


NEW 1/20-WAVE PYREX MIRRORS, with 1/10-wave diagonal: 6-inch f/9, $95.00; 


8-inch £/8, $155.00; 10-inch f/8 or f/7, 


Terms: 4% 
months, or 2% 


2% may be taken on the full amount. 


voutlut Optics 


$255.00; 1214-inch f/8 or f/7, 


$395.00. 


with order, 1% when ready to ship, remainder on arrangement to 6 
discount if paid within 10 days. If full payment is enclosed with order, 


1806 South Park St., Box 2053 
Madison 5, Wisconsin 
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PRESENTING THE SENSATION OF 1960 


THE 2 * GALAXY “~. scans 


THE ULTRA-PRECISION EYE THAT REVEALS THE DRAMA 
OF THE LIVING UNIVERSE-- PRODUCED BY-- 


COAST INSTRUMENT THE ORIGINATOR OF “FIRSTS”! 


The picture at the left 
illustrates the ease in 
using the new assistance 
light. This scientifically 
designed light will pro- 
duce absolutely no night 
blindness, yet will allow 
reading of circles—star 
charts—ocular sizes— 
etc. with excellent non- 
glare illumination. 





) Remote Assistance Light 


The picture at the left 
illustrates one of the 
finest features —The 
manual flex-line control! 
This exclusive COAST 
device allows vibration- 
less tracking when 110 
volt current is not avail- 
able. This is again only 
one of the star studded 
GALAXY of features 
found only in COAST 
INSTRUMENT products. 





Using Our Exclusive Flex-Line Control 


NEW DEVELOPMENTS 
1. INSTANT LATITUDE ADJUSTMENT with rock-steady performance. FIELD TESTED FOR 14 
2. HYDRO-SMOOTH ROTATING-TUBE assembly, wonderfully smooth, a COM- 
PLETELY NEW conception — only believable when in use! MONTHS UNDER ALL 
3. Professional OPTI-SET* FINDERSCOPE, 50-mm. achromatic objective, 7-power 
helical-focusing eyepiece with crosshair reticle. CONDITIONS ee. @ 
*(Requires only 3-inch movement of head from finder to eyepiece, which is 
directly in line.) 
4. BUILT-IN OCULAR RACK on each side of saddle holds eight eyepieces. 
5. REMOTE ASSISTANCE LIGHT (illustrated in picture top right). 
6. QUICK DETACH-ATTACH LEGS — absolutely ROCK-STEADY — come equipped Pp * 
with removable casters (wheels) and leveling screws. rices 


WRITE FOR LAB SPECIFICATION SHEET 


7. Four-way POSITIVE-ADJUSTMENT spider (four vane). 

8. NEW PORTABILITY — only 70 SECONDS to assemble or disassemble entire GAUAKN 6 eco Sonoccosiowaiciniee .. $ 775.00 
scope for field trips. 

9. APPEARANCE — so strikingly different it beggars description! Dusk-charcoal GALAXY 16" 5 i.6 ess i licker eee oietel ete $ 895.00 
mount, fiberglass tube with galactic blue, indestructible, stainproof finish. GALAXY 10” 1295.00 
SCIENTIFIC ACCESSORIES AVAILABLE AT EXTRA CHARGE. 2 EE sss $ : 

@ Frequency control console transistor-powered for varying speeds of motor clock drive. ” 

¢ Frequency, control console — transis i GALAXY 12.5” ........... ee $1495.00 

@ Star spectroscope (5-prism type). 

Write for additional information. TAKE MONTHS TO PAY —6, 12, 18, OR 24—IF 
OUTSTANDING FEATURES DESIRED, ON OUR EXTENDED PAYMENT PLAN. 

@ 20-YEAR UNCONDITIONAL GUARANTEE. 

@ GUARANTEED TO RESOLVE TO (OR SURPASS) DAWES’ LIMIT on nights of good f 
seeing. SEND FOR OUR 68-PAGE CATALOG showing many of the other tele- 

© GUARANTEED OPTICS. 1/10th and 1/20th wave of sodium light. scope items manufactured or distributed by COAST INSTRUMENT. It 

© FINEST OCULARS AVAILABLE (ORTHO-STARS). Your choice of any three sizes: includes “WHAT YOU SHOULD KNOW, LOOK FOR, AND DEMAND, 
6.6 mm., 10 mm., 16 mm., 20 mm., 26.6 mm. BEFORE BUYING ANY TELESCOPE,” an impartial, informative article 

@ CLOCK DRIVES — our regular synchro-smooth drive, and the sensational micro- thet will give you information you've probably teen locking for te 

help make up your mind as to just what telescope you should buy! 


adjust drive (as shown in illustrations); instant corrections can be made in either 
direction when electric drive is in operation. 


All prices and specifications subject to change without notice. Prices, unless otherwise indicated, are at our warehouse in Long Beach, California. Shipping and nominal crating 
charges are added. California residents: add 4% sales tax to all prices. NOW APPOINTING DEALERSHIPS — INQUIRIES INVITED. 


TRECKERSCOPES ARE CUSTOM MADE IN AMERICA BY PROFESSIONAL OPTICIANS AND ENGINEERS. 


¢ OA ST { hb 4 T R U M 4 p i; ' ih .. 4811 Long Beach Blvd., Long Beach 5, Calif. 


“IN OPTICS SINCE 1933” Phone: GArfield 2-3411 or NEvada 6-7683 
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The north end of the polar axis, with springs supporting the worm mounting. 


ratios 51/98 x 79/41, the output being 
transferred to the vertical spindle assem- 
bly. The horizontal worm wheel that this 
carries is driven by the worm on the shaft 
at the right, coupled to the slewing drive 
motor. Application of this rapid motion 
is made possible, while the sidereal drive 
continues to run, by means of the set of 
differential gears higher on the vertical 
assembly. The final output to the tele- 
scope’s large ring gear is through the 
heavy shaft extending upward out of the 
picture. 

All three motors are operated remotel) 
from a portable control box, as are the 
slow motion and slewing in declination. 
The motors for the latter are similar to 
those used in the right-ascension drive 
and are 
counterweight housing. 


declination-axis 
The main decli- 


located in the 





Casting patterns for some of the mounting parts are assembled 


nation gear and worm are like the ones 
used on the polar axis. 

Remote indication of the position of 
the telescope is effected by coupling two 
Selsyn transmitters directly to the worm 
shafts driving the two axes. As the gears 
have 360 teeth, revolution of the 
worm shaft is equivalent to one degree of 
movement in declination or four minutes 


one 


of time in right ascension. ‘Iwo optional 
remote indicators are provided, one an 
odometer type and the other a clock-face 
type. 

The optical work, diagonal, eyepiece 
support assemblies, and some other fea- 
tures of this instrument will be described 


next month. 


BRADLEY H. YOUNG 
P. O. Box 822 
Los Altos, Calif. 


for a 


here 


color photograph from which this reproduction is made. The two patterns at 
the extreme left are for the south trunnion fitting, and the triangular one in 
the center is for the north trunnion. 
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ALUM OVERCOATED 
Lat? — 


* * BERAL COATINGS * * 


The ideal coating for front surface 
precision mirrors for these reasons: 
. Beral has HIGH reflectivity. 
. Beral is HARD; does not sleek easily. 
. Beral can be cleaned easily — no 
porous OVERCOATING of quartz. 
. Beral is NOT a Chromium alloy, so 
can be removed easily. 
Prices for Beral coating telescope mir- 
rors: 4”, $3.50; 6”, $5.00; 8”, $6.50; 
10”, $8.50; 12%”, $12.50. Prices for 
sizes up to 37” diameter on request. Add 
Postage — Insurance for return mail. 


LEROY M. E. CLAUSING 
8038 MONTICELLO AVE. = SKOKIE, ILL. 


Who 


_ 








THE MARK III 


Sidereal Telescope Drive 


Bodine Motor, Auto- 
matic Clutch, Automatic Sidereal Time 
Circle requiring no calculation for loca- 
tion of objects, R.A. Indicator, Sidereal 
Time Indicator, Lifetime Quality, Pre- 
cision Fabrication. 


Synchronous 


Ramsden Eyepieces 
Declination Circles 
Hour-Angle Circles 
Write for price list. 

H & W OPTICAL CO. 


654 Milwood Ave., Venice, Calif. 











BRANDON OCULARS 





These orthoscopic oculars are the 
choice of the amateur, as well as the pro- 


fessional astronomer. Seven sizes avail- 
able: 4-mm., 6-mm., 8-mm., 12-mm., 
16-mm., 24-mm., and 32-mm. focal 
lengths. Standard 114” outside diameter. 

$15.95 each 


Brandon Oculars may be purchased at — 
Cave Optical Co., 4137 E. Anaheim 
St., Long Beach 4, Calif. 


American Lens and Photo Co., 
Northwest Highway, Chicago 30, IIl. 

Optron Laboratory, Box 25, D.V. Sta- 
tion, Dayton 6, Ohio 

Adler Planetarium, 900 E. Achsah Bond 
Dr., Chicago 5, Ill. 

Polaris Telescopic Shop, 14319 Michi- 
gan Ave., Dearborn, Mich. 

- or order direct. We will ship airmail. 


AVAILABLE SOON 


A complete 4” refractor telescope 
with all accessories. Write for 
details. 


LIBRASCOPE P. R. 


Guaynabo Puerto Rico 
Formerly BRANDON INSTRUMENTS 


5700 
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3-inch 
Astronomical 
Reflector 


60 to 180 Power 
An Unusual Buy! 





Assembled ready to use! See Saturn's rings, the 
planet Mars, huge craters on the moon, star clusters, 
moons of Jupiter, double stars, nebulae, and galaxies! 
Equatorial-type mounting with locks on_ both axes. 
Aluminized and over-coated 3”-diameter f/10 primary 


mirror, ventilated cell. Telescope comes equipped with 
a 60x eyepiece and a mounted Barlow lens, giving you 
60 to 180 power. A finder telescope, always so &sen 
tial, included. Sturdy, hardwood, portable tripod 


FREE with Scope: Valuable STAR 
CHART plus 272-page ‘‘HANDBOOK 
OF THE HEAVENS” plus the book 
“HOW TO USE YOUR TELESCOPE.” 


Spock: FEES MIG-Y......c0cessvecsecercescsesesrescssee $29.95 ppd. 


OFFSPRING OF SCIENCE . . . REALLY BEAUTIFUL! 
CIRCULAR DIFFRACTION- 
GRATING EARRINGS 
AND CUFF LINKS 


A Dazzling Rainbow of Color! 
As a scientific phenomenon, a con 
versation piece, and fascinating per 
sonal accessory, this new kind of 
jewelry is capturing attention every 





where. Shimmering rainbows of gemlike color in 
earrings and cuff links of exquisite beauty made 
with CIRCULAR DIFFRACTION-GRATING REP 
LICA Just as a prism breaks up light into its 
full range of individual colors, so does the diffraction 
grating. Promises to become a rage in current fashion 


Stock 230,349-Y. .Earrings (clip style) 
Tax Incl. $2.75 ppd. 


Stock #30,350-Y. .Cuff Links .Tax Incl. $2.75 ppd. 


Just Arrived! 
STANDARD 4-mm. ORTHOSCOPIC EYEPIECE 


These are best for extremely high 
magnification (300 power with a 
i8”-f.1. objective) Y« get a 
wide, flat field almost 3 times 
us much field as a Ramsden of 





the same power excellent color 
correction and definition. Preci 
sion made of brass, chrome plated and black enameled. 
Inside is dead-black anodized with anti-glare shield 


Stock 730,364-Y.. a eeG Only $14.50 ppd. 


WAR-SURPLUS 
TELESCOPE 
EYEPIECE 


Mounted Kellner eyepiece, type 3. 
Iwo achromats, focal length 28 
mm., eye relief 22 mm. An ex 
tension added, O.D. 11/,\”, stand 
ird for most types of telescopes 
Gov't. cost $26.50 


Stock 7{5223-Y 


Rack & Pinion Eyepiece Mounts 


Real rack-and-pinion focusing 
with variable tension adjust 
ment; tube accommodates stand 
ard 114” eyepieces and acces 
sory equipment lightweight 
aluminum body casting (not 
cast iron); focusing tube and 
rack of chrome-plated brass; 
body finished in black wrinkle 
paint. No. 50,077-Y is for re 
flecting telescopes, has focus 
travel of over 2”, and is made 
to fit any diameter or type tub 
ing by attaching through small 
holes in the base Nos 
50,103-Y and 50,108-Y are for 
refractors and have focus travel 
of over 4”. Will fit our 27%” 
I.D. and our 37%” I.D. alumi- 
num tubes, respectively. 





. .$7.95 ppd. 





For Reflectors 


Stock #50,077-Y..(less diagonal holder)....$8.50 ppd. 
Stock #60,049-Y. (diagonal holder only) 1.00 ppd 


For Refractors 


Stock #50,103-Y. .(for 27%@’’ 1.D. tubing)....12.95 ppd. 
Stock #50,108-Y. .(for 37%" 1.D. tubing .13.95 ppd. 








NEW BINOCULAR-TO-CAMERA HOLDER 
For Exciting Telephoto Shots 

Will fit any camera. 
Bring distant objects 7 
times nearer with a 35-mm. 
camera, 7x 50 binocular, 
and our NEW BINOCU- 
LAR-TO-CAMERA HOLD- 
ER. Ideal for photograph- 
ing the constellations, star 
clusters, the moon, as well 
as cloud formations, wild- 
life, vistas. Camera and binocular attach easily. 
Use any binocular or monocular any camera, still 
or movie. Take color or black-and-white. Attractive 
gray crinkle and bright chrome finish, 10” long. Full 
directions for making telephotos included. 


I I ooo os.din cc oe tesareenceey $11.50 ppd. 





Take Pictures Through 
Your Telescope with the EDMUND 
CAMERA HOLDER for TELESCOPES 


Bracket attaches perma 
nently to your reflecting 
or refracting telescope. 
Removable rod with ad- 
justable bracket holds 
your camera over scope’s 
eyepiece and you're ready 
to take exciting pictures 
of the moon. You can 
also take terrestrial tele- 
photo shots of distant 
objects. Opens up new 


fields of picture taking! 





SUN PROJECTION 

SCREEN INCLUDED 
White metal screen is easily at- 
tached to holder and placed be- 
hind eyepiece. Point scope at 
sun, move screen to focus . 
and you can see sunspots! 





All for the low, low price of $9.95 
Includes brackets, 28%,” rod, projection screen, screws, 
ind directions. Aluminum . . . brackets black crinkle 
painted 


DR SEO 6. 6.866 Fi dass0a08 .$9.95 ppd. 


STANDARD 114” EYEPIECE HOLDER 


Here is an economical plastic slide- 
focus eyepiece holder for 1144” O.D. 
eyepieces. Unit includes 3”-long 
chrome-plated tube into which your 
eyepiece fits for focusing. Diagonal 
holder in illustration is extra and 
is not include 





Stock +60,067-Y.........$2.50 ppd. 





NEW! BOX FILES FOR MAGAZINES, 
ASTRONOMICAL 
DATA, BULLETINS 


Keep your back issues of Sky 
and Telescope and other maga- 
zines, photos, or astronomical 
data safe from dust and damage 
in handsome, sturdy box files 
that are sized to fit! Files re- 
semble hand-bound books, cov- 
ered with durable, simulated-leather material. Files 
for magazines are imprinted in real gold leaf with 
name of publication and year published. Gold foil 
included for marking volume or issues in file. Other 
files, available for astronomical data or photos, have 
reference-card holder for description of contents. When 
ordering files for magazines, give name of periodical 
ind year published. When ordering files for other 
materials, give dimensions needed height, depth, 
width (max. width 5”). Minimum order is two. 





Stock #19,018-Y...2 files, same or assorted 
SE cinuevceueese sare $5.00 ppd. 


Quantity prices: 3 files, $7.00 ppd.; 6 files, $13.00 
ppd.; 50 or more, $2.00 each, ppd. 





D-STIX Construction Kits 


Shape Your Ideas Fast! 
Scientists, executives, planners, de- 


signers — all find D-STIX simplify 
visualization and demonstration of 
complex ideas. D-STIX — colored 


wood sticks 14” thick and ‘‘easy-on’’ 
rubber joints approx. 3/16” diam. 
help you work out molecular struc 
tures, geometric figures, structural members, shapes, 
models of scientific apparatus. Used by professional 
men, educators, hobbyists. Big basic kit contains 230 
or 370 pieces. Additional parts in supplementary kit. 
Far superior to other kits of wood or metal. Money- 
back guarantee. 





Stock #70,209-Y....(230 pieces)........... $3.00 ppd. 
Stock #70,210-Y....(370 pieces)........... $5.00 ppd. 
Stock #£70,211-Y....(452 pieces)........... $7.00 ppd. 


TELESCOPE ROLL-FILM CAMERA 


This model uses rolls of 
#127 film. Picture area 
will be a circle 1-9/16” 
in diameter. 

The advantage of this 
model is the ease of using 
roll film. With each camera 
you get a piece of ground 
glass. Before loading film 
in the camera, you focus 
the telescope. Then lock it in this position. For 
positions other than infinity, you can scribe a mark 
on your tube. 


PET EIN oo orvica 0-05 bivt-odee ean cance $29.50 ppd. 





SHEET-FILM CAMERA 


” 


Uses sheet film 214” x 314” size. Camera box size is 
om” , 


a ee eo 


ee en $39.50 ppd. 


ASTRO COMPASS and STAR FINDER 
Gov’t. Cost $75 — Price $14.95 ppd. 


> Determines positions of stars quickly. 
Shows various celestial co-ordinates. 
An extremely useful star finder which 
can be rotated through 60° angles 
along calibrated degree scale. Has 
single eye lens with viewing stop, 
two spirit levels for aligning, tangent 
screw with scale for fine precision 
readings, azimuth scale graduated in 
two-degree intervals, adjustable tilt- 
ing azimuth scale for angle reference 

~ of stars on distant objects. War 
surplus. Gov't. cost $75.00. Instruc- 

tions, carrying case included. 


SRR SE oon tiv eecacevebes Only $14.95 ppd. 





6X FINDER 
TELESCOPE 





Has crosshairs for exact locating. You focus by 
sliding objective mount in and out. Base fits any 
diameter tube an important advantage. Has 3 
centering screws for aligning with main telescope. 20- 
mm.-diameter objective. Weighs less than 1 pound. 


i SE 6 5.0 vcd Kbsegueccvens ...--$8.00 ppd. 


PRISM STAR DIAGONAL 


For comfortable viewing of 
the stars near the zenith 
or high overhead with tre- 
fracting telescopes _using 
standard size (1144” O.D.) 
eyepieces, or you can make 
an adapter for substandard 
refractors. Contains an excel- 
lent high-quality aluminized 
right-angle prism. The tubes 
are satin chrome-plated brass. 
Body is black wrinkle cast 
aluminum. Optical path of 
the system is about 314”. 


eS A ar or re ACY $12.00 ppd. 


AMICI PRISM STAR DIAGONAL 


Same as above except contains Amici roof prism in- 
stead of usual right-angle prism. Thus your image 
is correct as to right and left, making it excellent for 
terrestrial viewing. 


Shack GENO GATeY os esisccicvsscecedeesens $12.00 ppd. 
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SALE! TERRIFIC WAR-SURPLUS BARGAINS! 
AERIAL CAMERA LENSES 


Big variety . . . at a fraction of 
Gov't. cost! £/6, 24” f.1., with 
diaphragm i lens cone. Used. 
Weight 25 Ib 

Stock #85, 059-7. . $39.50 f.o.b. Utah 


Same as above, but new. Weight 
25 Ibs. 


Stock #85, 060-Y . .$59.50 f.0.b. Utah 
f/8, 40” f.1., no mount or shutter. 





Weight 614 lbs. 
GROG: FPO IEE: 6 6 his vcscebs csisiveciewaoar $49.50 ppd. 


f/5.6, 20” f.1., telephoto with shutter and diaphragm. 
Weight 614 Ibs. 

SHOE Fem soo Sic os aralenierccsie Ooram mers $65.00 ppd. 
£/4.5, 634” f.1., with shutter and diaphragm. Weight 
1 lb., 6 ozs. 

SOR Si ao ooo See aoa asat wees $24.50 ppd. 
These lenses are being successfully used for wide- 


aperture Moonwatch telescopes to see the small and 
fainter satellites. For eyepiece use our GIANT ERFLE. 


DOUBLE AND TRIPLE YOUR 
TELESCOPE’S POWER 
WITH A BARLOW LENS 








Rays ™ PRIMARY FOCUS 

FROM > 

PRIMARY ae | 
 aa« | ' 

SINGLE _ ia T | 

ELEMENT | \ | EYEPIECE 

BARLOW— ra Q 


— 


WHAT IS A BARLOW? A Barlow lens is a negative 


lens used to increase the power of a telescope with- 


out resorting to short focal length eyepieces, and 
without the need for long, cumbersome telescope 
tubes. Referring to the diagram above, a Barlow 


is placed the distance P inside the primary focus 
of the mirror or objective. The Barlow diverges the 
beam to a distance Q. This focus is observed with 
the eyepiece in the usual manner. Thus, a Barlow 
may be mounted in the same tube that holds the 
eyepiece, making it very easy to achieve the extra 
power. The new power of the telescope is not, as 
you might suppose, due to the extra focal length 
given the objective by the difference between P and 
Q. It is defined as the original power of the tele- 
scope times the quotient of P divided into Q. 





Beautiful chrome mount. We now have our Barlow 
lens mounted in chrome-plated brass tubing, with 
special spacer rings that enable you easily to vary 
the power by sliding split rings out one end and 
placing them in other end. Comes to you ready to 
Just slide our mounted lens into your 144” LD. 
tubing, then slide your 1144” O.D. eyepieces into our 
chrome-plated tubing. Two pieces provided, one for 
regular focal length eyepieces and one for short focal 


length one 
Stock #30,200-Y. . -$8.00 ppd. 


UNMOUNTED 3X BARLOW LENS 


These lenses are made for telescopes that have smaller 
diameter eyepieces than the standard 114” size. Mount 
one between the eyepiece and objective, and triple 
your power. Instructions included. Single-element 


use. 


.Mounted Barlow lens... 


lens, focal length 1-5/16”, unmounted. 
Stock #30,185-Y....0.932’' diam........... $3.50 ppd. 
Stock 330,328-Y....0.912’ diam........... $2.50 ppd. 


3X ADJUSTABLE-DIAMETER 
BARLOW LENS 


For telescopes with eyepieces 
smaller than the standard 114” 
outer-diameter size. Prongs on 
mount can be opened or closed 
to fit tubes from 13/16” to 1” 
outer diameter. Directions for 
using included. 


Stock #30,339-Y 
8” SETTING-CIRCLE SET 
Stock #£50,133-Y. .Complete set ........... $3.00 ppd. 


Stock #60,078-Y. .360° declination circle only $1.60 ppd. 
Stock #60,079-Y. .24-hour right-ascension circle only 





$5.00 ppd. 


$1.60 ppd. 
534” SETTING-CIRCLE SET 
Stock #50,190-Y. .Complete set ........... $2.50 ppd. 


Stock 60,080-Y . .360° declination circle only $1.35 ppd. 
Stock #60,081-Y. .24-hour right-ascension circle only 


$1.35 ppd. 


ORDER BY STOCK NUMBER 


BARRINGTON e 


SPECIAL SALE OF OPTICAL PERISCOPES 





No. 


lens, 131-mm. focal length; 48-mm.-diam., mounted, 


ing two light flint glass right-angle prisms (A, 41 mm.; B, 91 mm.; 
23 mm.; B, 34 mm. ; C.. 23 mm. ; 


two mounted right-angle prisms (A, 


C, 40 mm.); 
two silvered tank prisms (A, 102 mm. 


C, 30 mm.); 
C, 49 mm.). 
reticles. Every amateur will find this a real value. 
they sold for $30.00 — now on sale at only $18.00. 


Stine les Fe Ay Paka sce sec soscagascnsceceessa poster rssnaueels 


EQUATORIAL MOUNT and TRIPOD 
with CLOCK DRIVE 


Heavy-duty mount. Drive operates 
on 110-volt, 60-cycle, a.c. house 
current. Follows motion of stars 
smoothly. 32” tripod legs in- 
cluded. 
Stock #85,081-Y....$76.50 f.o.b. 
Barrington, N. J. 
Same mount as above, without 
clock drive, for 8” or smaller re- 
flectors and for 4” or smaller refractors. 


Stock #85,023-Y..... New Low Price..... $39.50 f.o.b. 
Barrington, N. J. 
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WAR-SURPLUS! AMERICAN-MADE! 
7x 50 BINOCULARS 


Brand new! Crys 
7 power. 


Big savings! 
tal-clear viewing 
Every optical element is coated. 
An excellent night glass 

the size recommended for satel- 
lite viewing. Individual eye 





focus. Exit pupil 7 mm. Ap- 
prox. field at 1,000 yds. is 
376 ft. Carrying case included. 


American 7 x 50’s normally cost $195. Our war-sur- 

plus price saves you real money. 

SO Pee 6 eadscasecceecwexs Only $55.00 ppd. 
(Tax included) 


GIANT MAGNETS! TERRIFIC BARGAINS! 


War Surplus Alnico V ! 
type. Horseshoe shape. Tre- 
mendous lifting power. 5 Ib. 
size. Its dimensions: A — | 





31/, B — 254"; Cc — 
4.3/ 16"; D — 14”; E — 
11 254”. Strength 
is ¥ Re 2 600 gauss. Will 





—¢ - 


——F 4 


SIGN, FIG Ie as asc cccticracnckpecne’s $8.50 ppd. 


lift over 125 Ibs. 


153,-lb. size magnet. Approximately 5,000-6,000- 
gauss rating. Will lift over 250 Ibs. 

SI. TI soo esate ices ye hisgess $22.50 f.o.b. 
Shipping wt. 22 Ibs. Barrington, N. J. 


Mounted Ramsden Eyepieces 


Standard 114” Diameter 


Our comments model, standard- 
size (11 ).D.) eyepiece. We 
mounted. ts excellent quality 
plano-convex lenses in black 
anodized aluminum barrels in- 
stead of chrome-plated brass to 
save you money. The clear image 
you get with these will surprise 
you. Directions for using short _ length eyepieces 





are included with both the 4” and ” models. 
Stock #30,204-Y..... Y%"" focal length..... $4.75 ppd. 
Stock +30- 203-Y.. Rae ts V2" focal length..... $4.50 ppd. 


“MAKE-YOUR-OWN” 41/4” MIRROR KIT 
used in our telescopes, 


The same fine mirror as 
lenses for eyepieces, and 


polished and aluminized, 
diagonal. No metal parts. 


Stach: PSOTEN << «cain coicee das ce see $16.25 ppd. 


SEND CHECK OR MONEY ORDER 


We made a lucky buy, 
war-surplus bargain. 
over $200.00 worth of optics in it for only $18.00 postpaid. 
At one spot, 
prisms at unit power; 
telescope system and see a wide-angle view at 6x. 
remove the top prism and you have an 11°.3 6-power satel- 
lite telescope. 
size is 14” long by 
Now just for the bit of work involved in disassembling, 
you get a treasure-trove of precision optical parts for only 
$18.00. 
a value we are oe. 
piece with a full 68 
the same eyepiece used in Moonwatch telescopes, 
5160. 
coated objective lens, 


NE W 


so here is another famous Edmund 
It is a $500.00 tank periscope with 


you look through and see up and out of the 
or you can look through the built-in 
Simply 
Brand new in original packages. Over-all 
7” wide by 214” deep. 


Glance at this list of parts and you'll realize what 
You get a wide-angle Erfle eye- 
This is 
our Stock 
collimator 
prism cluster contain- 
and A, 41 mm.; B, 57 mm.; 
and A, 40 mm. ; B, 42 mm. ; 
and A, 167 mm.; B, 69 mm. 


field and 114” focal length. 


included are a 38-mm.-diam. 
189-mm. f.1.; 


Also 
C, 64 mm.; 


53 mm.; C, 38 mm. 


(See our catalog for explanation of these prism sizes.) Also some other optical "elements and 
Don't wait — 


order today. The last time we had these 


$18. 00 ppd. 


GIANT ERFLE EYEPIECE 


Here is an_ exciting bargain. 
We obtained a large lot of these 
eyepieces reasonably — so down 
goes the price to $9.95. Lens 
system contains 3 coated achro- 
mats over 2” in diameter. Gov't. 
cost over $100.00. Brand new, 
weight 2 pounds. The value 
will double when this lot is all 
sold, and triple and quadruple 
as years pass. Their wide ap 
parent field is 65°. The focal 
length is 114 Lenses are in a 
metal cell with spiral threads; focusing my ier with 
32 threads per inch is included; diameter is 2 hie”. 
You can make some super- duper finders ak these 
eyepieces. They are also ideal tor rich-field telescopes, 
which are becoming more popular daily, particularly 
in the space age. 


DOERR IGS «0s ccs cc caddeewcuswres $9.95 ppd. 





Attention! For Beginners, Junior 
Astronomy Clubs, Boy and Girl Scouts, 
Camp Groups, School Science Clubs 


MAKE 8-POWER ASTRONOMICAL 
TELESCOPE 
with Low-Cost Beginner's Kit! 


Every boy and girl of today 
dreams of being a part of 
the exploration of outer 
space. That desire makes 
building his own telescope 
a real thrill. Now anyone 

of Cub Scout or Brownie © 
age on up can make his 
own astronomical 8-power 
telescope in one evening, 
without tools or machinery. Here is an ideal, attrac 
tive group project for scouts, junior astronomy clubs, 
or similar groups. (See special quantity prices.) Scope 
is powerful enough to show craters of the moon, 
Jupiter's satellites, and many stars not visible to the 
aalaa eye. Kit includes objective lens, field lens, eye 
lens, glare stops, kraftboard tubes, cadmium-plated 
metal ferrules, and other parts to build an 18”-long, 
13/,”-diameter telescope of 8 power. 





SR a os hk cocceducacendvwcess $3.00 ppd. 
SPECIAL QUANTITY PRICES 
SiGe 7G FIG T... « SF RUG ccceediccen $12.50 ppd. 


Stock #70,240-Y....10 kits..........0.0- $22.50 ppd. 





BE SURE TO GET 
FREE CATALOG “Y” 
128 Pages! Over ies —— 


Fantastic variety rarely before 
have so many lenses, prisms, 
optical instruments, and compo- 
nents been offered from one 
source. Probably the greatest 
assembly of bargains in all |= 
America. Imported! War Sur- 
plus! Hundreds of other hard- 
to-get optical items. Many sci- 
ence and math learning and 
teaching aids. 

Write for Free Catalog “Y”. 
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BETELGEUSE 


LPHA ORIONIS, the Ist-magnitude 

red star in Orion’s shoulder, varies 
in brightness, a fact first noted by Sir 
John Herschel in 1836. Even casual ob- 
servation may show that in some years it 
is nearly as bright as Capella, in others 
as faint as Pollux. 

Sometimes Betelgeuse scarcely chahges 
for several months, but often it mav vary 
by some tenths of a magnitude within 
a few weeks. The American astronome1 
Joel Stebbins found that, in addition to 
these irregular fluctuations, there is a 
well-marked six-vear cycle. 

\mateurs who wish to make naked-eye 
estimates of the brightness of Betelgeuse 
may use these comparison stars: Capella 
(x Aurigae), +0.1; Rigel (8 Orionis), 
+0.2; Procyon (« Canis Minoris), +0.4; 
Aldebaran (x Tauri), +0.8; and Pollux 
(8 Geminorum), +1.2. The visual mag- 
nitudes are based on photoelectric data 
by Harold L. Johnson and taken from 
his list of the 50 brightest stars in Sky AND 
TrLrscope for August, 1957, page 470. 


CALENDAR 


Universal time (UT) is used unless otherwise noted. 


In estimating Betelgeuse, use only com- 
parison stars that are at approximately 
the same altitude above the horizon as 
it is. Otherwise, atmospheric extinction 
can cause large errors. Rigel and Aldeb- 
aran are less suitable than the other com- 
parison objects. The former differs greatly 
in color from Betelgeuse, while the latter 
varies by 0.2 magnitude. 


MINOR PLANET PREDICTIONS 

Thalia, 23, 9.5. February 6, 11:05.6 
+- 26-07: 16, 10:58.9 +27-30; 26, 10:50.1 
+ 28-28. March 7, 10:41.0 +28-57; 17, 
10:33.2 +28-53; 27, 10:27.9 +28-14. Op- 
position on February 29. 

Amphitrite, 29, 9.9. February 26, 12:20.6 
—1-46. March 7, 12:12.9 —1-20; 17, 
12:03.8 —0-46; 27, 11:54.4 —0-10. April 6, 
11:45.6 +0-23; 16, 11:38.5 +0-48. Opposi- 
tion on March 20. 


After the asteroid’s name are its number and the 
approximate visual magnitude expected at opposition. 
At 10-day intervals are given its right ascension an 
declination (1950.0) for 0% Universal time. In each 
case the motion of the asteroid is retrograde. Data 
are supplied by the IAU Minor Planet Center at the 
University of Cincinnati Observatory. 


Vesta, 4, is the brightest of the asteroids, 
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DATE IN JULIAN DAYS 


Joel Stebbins’ photoelectric light curve of Betelgeuse, 1921-31. The horizontal 
scale is in Julian days. From the “Publications” of Washburn Observatory. 





SKY -GAZERS EXCHANGE 


Classified advertising costs 30 cents a word, jegetins 
address; minimum charge, $4.00 per ad. Only one 
for sale ad per issue for each advertiser. Remittance 
must accompany order. Insertion is guaranteed only 
on copy received by the 20th of the second month 
before publication; otherwise, insertion will be made 
in next issue. We cannot acknowledge classified ad 
orders. Sky Publishing Corporation assumes no re- 
sponsibility for statements made in classified ads, nor 
for the quality of merchandise advertised. Write Ad 
Dept., Sky and Telescope, Harvard Observatory, 
Cambridge 38, Mass. 


UNITRON 4” photo-equatorial, clock drive, camera, 
Unihex, wide-angle lens, Duetron, year old. First 
$850.00, f.o.b. Amityville. S. Dubin, 100 Hampton 
Blvd., Massapequa, N. Y 


WANTED: Good used refractor, 4” or larger, or 
121,” reflector. Also used planetarium. Camp 
William G. Long, Seattle 6, Wash. 


ALUMINUM TUBING: 17 sizes, 1” through 8”. 
Pesco-A, Box 363, Ann Arbor, Mich. 


164-PAGE photographic bargain catalogue, listing 
thousands of photographic bargains. Send 25¢ for 
your copy, credited on first order. Dept. 26-C2, 
Central Camera Co., 230 S. Wabash Ave., Chicago 
i, Tl 


FOR SALE: 6” f/8 reflector, circles, drive, oculars, 
finder, $175.00. M. Euler, 684 Carroll Pl., Tea- 
neck, N. J. 


PARABOLIC MIRRORS made to order. For further 
information, write to Lauren Schroeder, Eagle Bend, 
Minn. 


WHILE SUPPLY lasts: 2.4” altazimuth refractors 
with three eyepieces in revolving turret, 54’ wood- 
metal tripod, achromatic objective, coated optics, 
rack-and-pinion focusing, and other quality features. 
Now on special sale for $49.50 postpaid. Uncondi- 
tionally guaranteed. Vernonscope and Co., Candor, 
N.Y 


ALUMINUM TUBING, Japanese refractor accessories. 
Peninsula Scientific, 2421 El Camino Real, Palo 
Alto, Calif. 

noah 

2.6” NIKON refractor, equatorial, like new. Many 

accessories. $250.00. Original cost, $400. 00. R. 

Isear, Cedar Lane Ferrace, Ossining, N. 


INTERE STED in astronomy as a career? Ve nT 
and Professional Monographs: Astronomy, by Dr. | 
Freeman D. Miller, describes personal qualifications, | 
scholastic training, and job opportunities. $1.00 
postpaid. Send to Box B, Sky and Telescope, Har- 
vard Observatory, Cambridge 38, Mass. 


FOR SALE: Tinsley 4” refractor, equatorial mount, 
H and W Mark-III drive, Brandon oculars, Good- 
win Barlow, solar diagonal, star diagonal, Unitron 
10x finder. Without tripod. $375.00. G. W. Culp, | 
553 Durant Ave., San Leandro, Calif. 


AMATEUR GROUP wants to purchase Porter garden- 
type telescope. Must be reasonably priced. Please 
write Box P, Sky and Telescope, Harvard Observa- | 
tory, Cambridge 38, Mass. | 


WANTED: Millar Observascope, later model made 
several years ago. Jack Wegener, 830 Chambers 
Ave., Gloucester, N. J. 


FOR SALE: Leitz binoculars, 7 x 50 Marseptit, center | 
focus, coated, perfect condition, with case, $90.00. 
Dr. Ira Groff, University Hospital, Ann Arbor, Mich. | 

' 
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and will be readily visible in binoculars 
during most of this year. At opposition, 
on July 2nd, its visual magnitude will 
In mid-February the magnitude 
and in 


- 


be -5.7- 
is 7.5; by the end of March, 
carly May, 6.5. 

The following predicted positions are 
for the epoch 1950.0, and have been 
abridged from the American Ephemeris: 

February 6, 17:02.0 —17-55; 16, 17:21.2 
— 18-20; 26, 17:39.7 —18-35. March 7 
17:57.2 —18-43; 17, 18:13.5 —18-45; 27, 
18:28.5 —18-43. April 6, 18:41.8 —18-38; 
16, 18:53.2 —18-34; 26, 19:02.2 — 18-32. 
May 6, 19:08.6 — 18-38. 


’ 


VARIABLE STAR MAXIMA 

February 5, U Ceti, 022813, 7.5; 7, R 
Reticuli, 043263, 7.6; 7, RT Cygni, 194048, 
7.3; 8, S Gruis, 221948, 7.7; 9, R An- 
dromedae, 001838, 7.0; T Columbae, 
051533, 7.5; X Centauri, 114441, 8.0; 
15(?), T Sagittarii, 190117, 8.0; 17, T 
Cassiopeiae, 001755, 7.8; 18, V Coronae 
Sorealis, 154639, 7.5; 20, W Lyrae, 181136, 

21, S Pegasi, 231508, 8.0; 25, S Pavo- 
nis, 194659, 7.2; 25, T Pavonis, 193972, 
8.0; 29, R Rendenii, 025050, 6.0. 

March 6, R Serpentis, 154615, 6.9; 6, 
I Centauri, 133633, 5.5; 7, R Canum 
Venaticorum, 134440a, 7.7; 9, R Ophiuchi, 
170215, 7.§ 

These predictions of variable star maxima are by 
the AAVSO. Only stars are included brighter than 
magnitude 8.0 at an average maximum. Some, but 
not all of them, are nearly as bright as maximum 
two or three weeks before and after the dates for 
their maxima. The data given include, in order, the 
day of the month near which the maximum should 
occur, the star name, the star designation number, 
which gives the rough right ascension (first four fig- 


ures) and declination (bold face if southern), and 
the eens di visual magnitude. 


MOON PHASES AND DISTANCE 

February 4, 14:27 
February 12, 17:24 
February 19, 23:48 
February 26, 18:24 
March 5, 11:06 


First quarter 
Full moon 
Last quarter 
New moon 
First quarter 


February Distance Diameter 
\pogee 7, 6" 251,800 mi. 29’ 30” 
Perigee 23, 3" 228,300 mi. 32’ 31” 

March 
Apogee 6, 2" 2515300 ant, 297-33" 


MINIMA OF ALGOL 
February 3; 8:12; 6, 502509, 151s 11, 
22:41; 14, 19:30; 17, 16:19; 20, 13:08; 23, 
9:58; 26, 6:47; 29, 3:36. 
March 3, 0:26; 5, 21:15; 8, 18:04. 


These minima predictions for Algol are based on 
the formula in the 1953 International Supplement of 
the Krakow Observatory. The times given are geo- 
centric; they can be compared directly with observed 
times of the star’s least brightness. 


UNIVERSAL TIME (UT) 


TIMES used in Celestial Calendar are Greenwich 
civil or Universal time, unless otherwise noted. This 
is 24-hour time, from’ midnight to midnight; times 
greater than 12:00 are p.m. Subtract the following 
hours to convert to standard times in the United 
States: EST, 5; CST, 6; MST, 7; PST, 8. If. neces- 
sary, add 24 hours to the UT before subtracting, in 
which case the result is your standard time on the 
day preceding the Greenwich date shown. For ex- 
ample, 6:15 UT on the 15th of the month corresponds 
to 1:15 a.m. EST on the 15th, and to 10:15 p.m. 
PST on the 14th. 
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THE SUN, MOON, AND PLANETS THIS MONTH lished last month on page 191. On the 

The sun, on the ecliptic, is shown for the beginning and end of the month. date of opposition, the right ascension 

The moon’s symbols give its phase roughly, with the date marked alongside. and declination of Uranus are 9" 26™.3, 
Each planet is located for the middle of the month or for other dates shown. +15° 52’ (1950 co-ordinates). 

All positions are for 0" Universal time on the respective dates. Neptune is in the southeastern sky 


Mercury will be well placed for evening a striking sight with the moon 5° north during early morning hours. A small 
observing in midnorthern latitudes dur- on the morning of February 22nd. Tele- telescope is needed to see this 8th-mag- 
ing the latter half of February. On the — scopically, Jupiter’s disk is 34”.2 in equa- nitude object, located in western Libra, 


24th, it reaches greatest eastern elonga- torial diameter, 31”.9 in polar. as shown in the chart on page 191 of the 
tion 18° from the sun, then being of Saturn rises about two hours before the January issue. Neptune is stationary in 


magnitude —0.1. It should be readily sun, being in Sagittarius east of Jupiter. right ascension on February 10th, be- 
visible for about 10 days before and a_ It is visible low in the southeastern dawn ginning retrograde (westward) motion 
week after elongation. sky as a Ist-magnitude object. among the stars. 

On February 18th, a line along the Uranus reaches opposition to the sun Pluto comes to opposition on the 24th, 
western side of the Great Square of on the 8th, 1.6 billion miles from the _ three billion miles from the earth. Large 
Pegasus, from Beta to Alpha Pegasi, can earth. It then shines at magnitude 5.7, telescopes are needed to show this 15th- 
be extended southward an additional 1} rising about sunset and visible all night. magnitude planet in Leo, at 10" 46™.3, 
times its length to end very close to Its path in Leo is given in the chart pub- +21° 32’ (1950). W. H. G. 
Mercury, which will then be of magnitude 
—().8, about twice as bright as at greatest 
elongation a week later. On February 
24th, however, astronomical twilight will 





Read This Advertisement 


Here is a combination of a Barlow and a particular ocular which gives outstanding results. 


It consists of our new Barlow and our 16.3-mm. (%4” focal length) Erfle eyepiece. While the 
end as Mercury sets, 14 hours after the Barlow was not specifically designed to work aie bop eyepiece, it does so to an astonishing 
eas ee ey, eee eee e degree. All images are sharp and hard to the very edge of the field. 
sun, so the planet may be seen in a nearly The Barlow gives pron Ae oh up to slightly over three times that of the ocular alone. 
dark sky. Thereafter, its position will It is achromatic, coated, and mounted to the U. S. standard size of 1.250 inches. 
* : The modified Erfle eyepiece has a field of 75 degrees with excellent eye relief. The 
change little, forming a nearly equilateral combination gives the equivalent focal length of slightly under 6 millimeters. Many users state it 


is far superior to any shorter focal length ocular of equivalent magnification. 


triangle with the stars Alpha and Gamma The Barlow sells for $16.00 postpaid, and the Erfle for $15.30 postpaid. Both are guaran 





Pegasi, in the south side of the Great teed to perform as stated above or money refunded. 
Square. ORTHOSCOPIC OCULARS—All hard coated, standard 11/4-inch outside diameter. 
In a telescope on February 24th, Mercu- perme $15.60 10.5-mm $16.80 4-mm $17.70 
ry’s phase will resemble the quarter 16.3-mm. (Erfle) .... $15.30 7mm. ......csseeccsnene $17.70 Barlow 3x. ........ $16.00 
moon’s. Information about observing this 
planet is given on page 221 of this issue. | ics Warranted pe lglg 25 pes A obtainable 
Venus in midmonth is visible in the yr aaa) He 
ans ‘ é ‘ Finished mirrors, mirror kits, spiders, elliptical flats, 
predawn sky as a brilliant object of mag- 6565 Romaine Street focusing devices, aluminizing. 
nitude —3.4, rising in the southeast about Los Angeles 38, Calif. Send for catalogue. 








11 hours before the sun. On the 15th, the - a 
disk is 84.3-per-cent illuminated and 12”.6 





in diameter. On the morning of Febru- DE LUXE 

ary 7th, Venus will be only 0°.2 north of | 

Saturn, conjunction occurring at 11" Uni- S K Y b) C 0 ? £ 

versal time. Venus will pass about 1° As illustrated -—- with new plastic 

north of Mars at 3" UT on the 17th. — pili a Se a 
Mars rises about 1} hours before the eyepiece. 


Price $44.75 
Unconditionally guaranteed. 
100% American made. 


sun on the 15th, but will be difficult to 
locate since it is faint (magnitude + 1.5) 
and low in the southeast. Look for Mars 


in binoculars when it is in conjunction Write for free gee ig showing our 


tandard model which has been sold 


with Venus on the morning of February yorld-wide for over 20 years. Sky- 
17¢l ‘ pene still remains outstanding in 
sth. value by any comparison. 

Jupiter is in western Sagittarius, well 
Prt in the morning bx eles dawn THE SKYSCOPE CO., INC. 
Ps tee , P. O. Box 55S, Brooklyn 28, N. Y. 








Its magnitude is —1.5, so it will make 
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at 9 p.m. and 8 p.m. on May 7th and the maps usable over a wide range of 
2°nd. For other dates, add or subtract } latitudes, and also aid when the observer 
is visualizing the form of a constellation 


SOUTHERN STARS 


The sky as seen from latitudes 20° to hour per week. 


10° south, at 11 p.m. and 10 p.m., local The three horizon circles on both the — that is only partly above the horizon at a 


time, on the 7th and 22nd of April; also northern and southern star charts make _ particular time. 


956 Sky anv TeLescorr, February, 1960 





TYNAN iAY 


4S@ 4s 


707 


XONIT 








eg 





Ou 


\ 
osogeuag 
e 


4S$@ 4 
ag 


XONINO 


aD 


riest @ 
SECON e 
THIRO r) 
me) RTH e 
ia FTTH e. 


FEBRUARY 


ST 





—o1 A a OH 099 
— world? 
Ve ie 
t ~ 
e ™ 
a be S317NDuSt Vy 5 SOx 
A Phy 2 
Os + “Oy 
” RQui wo, e 
° e ~7 |) gOr ov d e 2 ? ‘a 
° noz'e “e v6 
3 2S 7 
a e e e ’ > ° 
cS] ° 
a: 
9+ ve 7 } 
. 
e 
e 
‘? $9 3700 
a QI/49/ 73 
e. . WLYON : 
e, e 
° 
or ° Jg=- 
° = o . wWosaP/y@ nr + 
* Ss I7L 4 4 
‘ Le ou bd 
4 r 
- uagny ,08+ e ee: 
52° ie 7242°¥@ PS a . 
7 6 ‘ SN3HaG3 
a Ss * ra y v e 
d 
4®@ 
Xe 0 6 xe 
< a 6 s 
n> oo 
we o 8 
©% AY » a v9 od 
c < 4 NI! 
Dy ce cu 3+ 
> - 
27) > . 
y,) () . 
y of Ce > e- a 
\ ° Q 
oO Pag ° a) A = 
4 wv oy 
ww * 
¢ Ke ° 
oO 
0 . e 
a 4 2@ < 
e° 
° & 
ec * : 
— e < 
2 /~ mo + 
fe) e 
2? . 
. e 
» 4° 
a e 
[ A e 
m . hg a 
o n : : 
wH ‘e @ ©. 
= . ” 
se 2 ? ie “2 2 @- mF) 
rn + = 
a @) t ) s a 
m 2 t Ml y, 
* Den . +30 SS? 5@ » @s q 
> a & e £ IER Oe & AY ~ 9 
3 en 8 : €@ 5.33 * Se 
2. - 8 ne oo88 3 7 ¢ 
> . 2395 s 
c a 5 oe s > eo e%’. ¢ 
- > A Qe A gran bd ~ A x 
f Q 7 *®@ Aided vo . 
Ts 1 v ° 
a w 6 = “A i % 98 +. e 
“2 2 ee 7 PCAN , @ % x’ ‘ 
: ° eo Ts $ > ° [e 
. > © te “e ° . 
e- ,@-6 = nd ee. eo ” e € 6 
? + /( ) 
GA -@ 8. oe. r) ; Yah 
~ telgeu a és 3 
a, ° efe/geuse 4 orion : 
y ef ey ° 4 
4 7h 2 . 
9° e e e f 6° MTB, 6 5>\ 
i ad $ fe hd 
> y Ay s@* en 2° 
= S, B la e 
3, V oMae e Ps $ 
©, % s es eo. : 0% 
af S$ pe “Weve 8 
° -" 7 
i § Ay —/0° Saiph ’ 
ww ° 
Mae \s Sirius ° 
5 Nd bo n 2? is 
| ao OPO gam FE, . 
4 
G ~o) 
| AS ° BP ef — ° 
7 M4 -207 6° \9 
A r =) -@ e 
oh ee i e ‘ EPUS a se 
Ae ¢ iC) e CANIS et 
eS x ) MAUOR o 
7 ° M79 
e 
r : e c@ . 
» e at 
7; oa ° 
‘. R 
5 . . Phact ; 
es YRg § e e 
1 aS 1? ~ ef x 
| 8 e, . e 
4>> eo. (etoile I-7 B iar 
e a) 
N 
0? HOR! 20 
5@, . 50 ; 
-40 
“e 7 ea e 
-® EY or Namely) = 
al m of 
c 2 ah = 
iS) 
x 
rh = 
ler 6? 402 HORIZON BO. 
-50° B (o} a? 
S SO noRfe? ok 
Canopus PICTOR 
CARINA ie 26 





RS FOR FEBRUARY 


The sky as seen from latitudes 30° to 
50° north, at 9 p-m. and 8 p-m., local 


time, on the 6th and 21st of February, 


respectively; a 


outh 30° HORIZON 


~ 


Iso at 7 p.m. and 6 p.m. on 


March 7th and 23rd. For other dates, add 
or subtract 4 hour per week. 

When facing north, hold “North” at 
the bottom; turn the chart accordingly 
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J4430N ee 





for other directions. The equator, eclip- 
tic, galactic equator, and meridian are 
indicated by dashed curves, as are the 
hour circles that are three and six hours 
east and west of the meridian. 
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Tinsley enters the 
standard design field 


with this rugged, 


precise 12-inch telescope 





Here is a new instrument of traditional Tinsley quality at a cost far 
below that of a custom telescope. It is ideally suited to astronomy clubs, 
schools and advanced amateurs. Specifications: 12-inch aperture. Casse- 
grain optical system. Primary mirror focal length 48''. Secondary ampli- 
fication 4; total effective focal length 192’’. Eyepiece image lies 16’ 
behind reflecting surface of primary mirror. Overall tube length 43’, plus 
focusing assembly. Tube is easily removable from mounting. @ Eyepiece 
focusing assembly: rack-and-pinion type, extremely rugged and adaptable 
for cameras and accessories. ® Mounting: has positive clamps for decli- 
nation and right ascension. Motor driven in right ascension to a precise 
sidereal rate. Additional motor control for fast rate is 5 times the sidereal 
rate. Manual declination with anti-backlash. Setting circles are large and 
precision engraved. ® Provides for precise orientation of polar axis. 
© Optical surfaces: accurate to % wave length or better. Reflecting 
surfaces aluminized and have a protective overcoating. Refracting sur- 
faces have low-refiection coating. @ Equipped with a finder of 10 power. 
® Mounted on a steel pedestal. © Address inquiries to Tinsley Laboratories, 


Inc., Telescope Department, 2526 Grove Street, Berkeley 4, California. 
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SPACE BOUND IN AN ASTRO-DOME 


A carefully engineered installation by Whether you order a new ASTRO- 
ASTRO-DOME is your first step into DOME installation or you are planning 
space. Weather protection for telescopes to have your existing dome completely 
is our prime concern, and we are con- renovated by ASTRO-DOME, you can 
stantly considering new techniques to be assured that your facilities will be 
improve dome design and performance. the finest available in the new space age. 


—=—, 
——+. 


Where ideas and deriquing take Ahape.. a 








\ write for 
[a Brochure today 
ASTRO-DOME™ 


INCORPORATED 






-MANUFACTURERS OF ASTRONOMICAL OBSERVATORY DOMES 
1801 BROWNLEE AVE. N. E. CANTON 5, OHIO Phone GL. 4-2755 
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Step up, friend. Sit yourself down at the controls of 
a UNITRON. Feel the sure response of the slow-motion 
controls. Note the extra-smooth handling ease. Observe 
the oversize components, which give UNITRON mount- 
ings strength to spare. 

If it’s an altazimuth model, you have micrometric 
adjustments for both altitude and azimuth. In the equa- 
torial models, you'll find the mechanism more sophisti- 
cated — but the operation is even easier. Here, once 
you've pinpointed your target, only the single right- 
ascension control is needed to keep the object centered 
in the field of view. You'll welcome the added conven- 
ience of the new flexible cable extension which brings 
the right-ascension control within easy reach — a 


UNTi RON INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. — 204-206 MILK STREET, BOSTON 9, MASS. 


SEE PAGES 244 AND 245 FOR MORE ABOUT UNITRON. 





One 
: big 
reason 


. UNITRON 
® Sales 


are 


x 


new feature included with all UNITRON equatorials as 
standard equipment. 

Note, too, the precise slow-motion adjustment for 
declination. Scrutinize the precision gears designed to 
deliver generations of velvet-smooth performance. 
Examine the large easy-reading setting circles and 
verniers provided on the 3” and larger models. 

(What you won't see is the instrument's complex of 
inner workings —a blend of the arts of the artillery en- 
gineer and the Swiss watchmaker that gives you an 
instrument whose response will be obedient to the 
slightest touch of your fingers.) 

And — while you’re at it — don’t forget to look through 
the refractor. UNITRON'’s optical excellence is the other 
big reason UNITRON sales are mounting. 


mounting: 


tC, 


wh — « : 
te Oe Gh 2 y, » % ee 


Equatorial mounting of the 4’’ UNITRON refractor, Model 152. 








Sturdy altazimuth mounting 
with slow-motion controls as 
well as rapid motions for 
altitude and azimuth. 





lg EP RR aaa 





